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PROCEEDINGS 

AT  THE 

ANXUAL   GENEEAL   3IEETIXG, 
21sT  FEBRUAIIY,  1873. 


Award  of  the  Wollaston  3Iedal. 


The  Reports  of  the  Council  and  of  the  Library  and  Museum  Com- 
mittee having  been  read,  the  President,  His  Grace  the  Duke  op 
Argyll,  K.T.,  F.R.S.,  presented  the  Wollaston  Medal  to  Sir  Philip 
DE  Malpas  Grey  Egertox,  Bart.,  F.ll.S.,  F.G.S,,  addressing  him  as 
follows : — ■ 

Sir  Philip  Egertox, 

I  consider  myself  fortunate  in  being  the  organ  of  the  Geological 
Society  in  presenting  you  with  the  Wollaston  Medal,  which  has  been 
awarded  to  you  by  the  Council  for  the  present  year.  The  eminent 
services  which  you  have  rendered  to  geology  during  a  period  now 
extending  over  forty  years  have  long  been  familiar  to  scientific  men, 
and  have  given  you  more  than  a  European  reputation.  These 
services  have  been  so  great  and  so  universally  recognized,  that  the 
only  difficulty  I  now  have  is  not  in  assigning  grounds  for  the  vote 
which  I  have  the  pleasure  of  announcing,  but  in  explaining  why 
it  has  been  so  long  delayed.  That  delay  has  been  occasioned,  I  be- 
lieve, solely  by  the  fact  that  you  have  yourself  been  so  long  an 
honoured  member  of  the  Council  whose  duty  it  is  to  consider  the 
claims  of  geologists  for  the  honours  of  this  Society ;  and  whatever 
influence  you  have  had  in  that  body  has  doubtless  been  exerted  in 
favour  of  others  to  the  exclusion  of  yourself.  It  is  at  least  some  com- 
pensation for  the  loss  which  the  Council  sustains  in  your  absence  that 
it  is  now  able  to  accord  a  recognition  which  has  long  been  due.  The 
many  papers  which  you  have  contributed  to  this  Society  from  1833 
down  to  the  present  time  are  a  sufficient  indication  of  the  wide  range 
of  your  observations.  But  the  special  attention  you  have  bestowed, 
and  the  light  you  have  thrown  on  the  structure  and  affinities  of 
fossil  lishes  and  reptiles,  have  been  of  the  highest  value,  and  have 
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formed  in  the  aggregate  a  most  important  contribution  to  our  kno^v- 
ledge  of  the  history  of  organic  life.  I  have  the  highest  pleasure  in 
now  handing  to  you  the  "Wollaston  Medal. 

Sir  Philip  Egertok,  in  reply,  said : — 

My  Loed  President, 

I  know  not  whether  it  is  ov>-ing  to  the  poverty  of  the  English 
language  or  to  my  unskilfulness  in  the  use  of  it ;  but  I  am  quite  at 
a  loss  for  words  adequate  to  express  my  appreciation  of  the  great 
and  unexpected  honour  conferred  upon  me  by  the  award  of  the 
WoUaston  Medal,  and  for  appropriate  terms  to  convey  to  your  Grace 
my  acknowledgments   for   the  kind  but  too  flattering  terms  you 
have  used  in  communicating  the  decision  of  the  Council ;  and  my 
embarrassment  is  increased  by  the  consciousness  that,  in  comparison 
with  those  illustrious  names  which  already  adorn  the  WoUaston 
roU,  I  am  quite  unworthy  of  this  great  distinction.     I  cannot  pre- 
sume to  think  that  the  humble  contributions  I  have  been  enabled 
to  make  to  geological  knowledge  (and  indeed  to  but  a  limited  branch 
of  it)  can  have  been  weighed  in  the  balance  against  the  labours  of 
many  others  on  both  sides  of  the  Atlantic,  whose  lives  have  been 
devoted  to  geological  research,  but  who  have  not  yet  attained  the 
distinction  awarded  to  me  to-day.     In  comparison  with  these  my 
claims  are  quite  insignificant.     I  must  therefore  look  elsewhere  to 
discern  the  motive  which  has  influenced  the  Council  in  selecting  my 
name  on  the  present  occasion  in  preference  to  others  whose  scientific 
claims  are  far  greater  than  my  own ;  and  I  think  I  am  right  in 
assigning  it  to  a  desire  on  their  part  to  recognize,  encourage,  and 
occasionally  reward  the  labours  of  those  who,  although  theii'  lot  in 
life  has  been  cast  in  a  sphere  entailing  many  paramount   duties 
which  ought  not  to  be  neglected,  nevertheless  devote  their  leisure 
time  to  the  promotion  of  scientific  research  rather  than  waste  it  in 
frivolous  and  unproductive  amusements.     In  this  sense  I  interpret 
the  mind  of  the  Council  in  awarding  me  this  Medal ;  and  in  this 
sense,  as  also  as  a  stimulus  and  incentive  to  persevere  in  the  cause 
of  that  science  in  whicli  I  take  so  deep  an  interest,  and  from  the 
study  of  which  I  have  derived  bo  much  intellectual  enjoyment,  I 
can,  without  arrogance,  most  gratefuUy  accept  it.     May  I  be  per- 
mitted to  add  that  if  any  thing  could  enhance  the  feelings  of  gratifi- 
cation I  experience  in  receiving  this,  the  hive  ribbon  of  geology,  it  is 
that  it  is  presented  by  a  President  who,  Rlthough  occupying  the 
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highest  social  rack,  and  called  by  our  gracious  Sovereigu  to  fill  the 
highest  offices  of  State,  entailing  most  onerous  duties  and  grave 
responsibilities,  has  nevertheless  devoted  himself  to  the  study  of 
scientific  i^roblems,  and  has  inscribed  for  himself  a  name  on  the 
tablets  of  scientific  literature,  indelible  so  long  as  the  Eeign  of  Law 
shall  continue  to  exist. 

AWAKD  OF  TILE  WoiLASTON  DoNAIION-FTJND. 


The  President  then  presented  the  balance  of  the  proceeds  of  the 
"WoUaston  Donation-fund  to  J.  W.  Judd,  Esq.,  F.G.S.,  and  ad- 
dressed him  as  follows  : — 

Mr.  Jmn, 
I  have  much  pleasure  in  delivering  to  you  the  award  of  the 
Council  of  this  Society  in  recognition  of  your  valuable  researches  in 
the  Keocomian  and  Jurassic  rocks  of  England,  researches  which  you 
are  now  extending  with  such  marked  success  to  the  Secondary  and 
Palteozoic  rocks  of  Scotland.  I  rejoice  to  know  that  you  are  to  carry 
to  an  investigation  of  the  West  coast  of  Scotland  the  experience  and 
knowledge  you  have  shown  in  your  recent  account  of  the  Secondary 
rocks  of  the  East  coast.  The  scattered  and  broken  remains  of  the 
Oolites  in  the  Hebrides  constitute  a  most  interesting  field  of  investi- 
gation ;  and  a  detailed  examination  of  them  conducted  by  you 
cannot  fail  to  cast  important  light  on  many  geological  problems  of 
the  highest  interest  to  our  science. 

Mr.  JuDD  made  the  following  reply:— 

Mr  LOKD  PriKSIDENT, 

The  recollection  of  an  occasion  like  the  present  may  well  be 
cherished  by  a  student  of  science  as  an  incentive  to  exertion  second 
only  to  the  enthusiasm  of  research  itself.  Having  learned  to  look 
to  this  Society,  and  never  in  vain,  for  the  encouragement  of  sympathy 
and  the  guidance  of  criticism,  it  is  with  especial  gratification  that 
I  receive  this  mark  of  confidence  at  the  hands  of  my  teachers  and 
fellow  workers.  When  I  think  of  the  origin  and  traditions  of  this 
bequest,  the  objects  contemplated  by  its  illustrious  foiinder,  the 
distinguished  geologists  who  have  been  its  former  recipients,  and  the 
important  researches  to  which  it  has  been  made  contributory,  I  am 
deeply  impressed  by  the  tru^t  which  you  have  reposed  in  me.     It  is 
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my  hope  that  by  earnest  labour  I  may  be  able  to  testify  that  my 
feelings  of  gratitude  are  not  evanescent,  nor  my  sense  of  responsi- 
bility light,  in  connexion  -with  the  great  honour  which  you  have  this 
dav  done  me. 


Award  of  tue  iluRcuisox  !Medal  \sd  Geological  Fuxd, 


The  President  tlion  presented  the  irarchison  !Medal  to  Mr. 
William  Davies,  of  the  British  ]Museum,  and  addressed  him  as 
follows : — 

:^rr.  Davies, 

I  have  much  pleasure  in  delivering  to  you  the  ilnrchison  !Medal, 
which  has  been  awarded  to  you  by  the  Council  of  this  Society  in  re- 
cognition of  the  services  you  have  rendered  to  Palceontology  in  the 
skill  and  knowledge  you  have  displayed  in  the  reconstruction  of 
extinct  forms  of  life.  I  have  the  more  pleasure  in  giving  this  Medal, 
as  I  believe  you  will  have  the  greater  pleasure  in  receiving  it,  from 
the  fact  that  it  is  the  first  award  made  under  and  in  fulfilment  of 
the  Will  of  the  great  geologist  and  excellent  man  whose  loss  we 
have  all  had  so  lately  to  deplore.  I  trust  it  may  long  serve  to 
stimulate  others  to  such  services  as  you  have  rendered,  and  which 
have  appeared  to  the  Council  of  this  Society  to  make  you  a  worthy 
recipient  of  the  First  ^lurchisoii  iledal. 

Mr.  Davies  in  reply  said  : — 

My  Lord  I)i:ke, 

I  desire  to  return  my  most  sincere  thanks  to  your  Grace  as  Pre- 
sident, and  to  the  Council  of  this  Society,  for  the  honour  they  have 
conferred  upon  me  in  awarding  me  the  Murchison  Medal.  It  is 
extremely  gratifying  to  find  that  the  humble  services  I  have  ren- 
dered to  Palajontological  science  have  been  so  kindly  appreciated  and 
deemed  worthy  of  this  high  recognition.  The  pleasure  is  greatly 
enhanced  by  the  fact  that  I  have  never  considered  my  scientific 
work  of  sufficient  importance  to  deserve  any  recognition — the  acqui- 
sition of  scientific  knowledge  and  the  happiness  of  communicating  it 
to  others  having,  in  my  own  case,  been  an  ample  reward.  I  shall  now 
feel  it  to  be  my  duty  as  well  as  my  ambition  to  render  myself  more 
w^orthy  of  the  distinction  you  have  this  day  conferred  upon  me — one 
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vi'liich  has  also  an  especial  significance  to  a  servant  of  that  great 
K'ational  Institution  for  which  Sir  Roderick  Murchison  so  long  and 
beneficially  acted  as  a  Trustee. 

The  President  then  delivered  to  Prof.  Ansted,  F.E.S.,  For.  Sec.,  for 
transmission  to  Prof.  Oswald  Heek,  of  Ziirich,  the  balance  of  the 
Murchiso]!  Geological  Fund,  and  sjioke  as  follo-\vs : — 

Mr.  Secretary, 
The  labours  of  Prof.  Hccr  in  Fossil  Botany  and  Entomology  have 
this  year  been  recognized  by  this  Council  in  the  vote  of  the  Mur- 
chison Fund.  No  branch  of  Palaeontology  requires  more  minute 
research,  more  careful  comparison,  more  circumspect  conclusions; 
and  there  are  none,  I  may  add,  which,  when  so  conducted,  are 
richer  in  siiggestions  on  the  history  of  geological  change.  The  frag- 
mentary character  which  generally  belongs  to  teiTCstrial  and  especially 
to  botanical  remains,  places  the  studj^  of  them  under  special  diffi- 
culties— difficulties  which  have  been  met  with  special  skill  by  Prof. 
Heer.  The  remains  of  the  Miocene  flora  are  connected  with  some 
of  the  most  perplexing  problems  of  our  science;  and  the  light 
which  has  been  thrown  upon  them  by  Prof.  Heer  more  than  deserves 
the  recognition  which  I  have  now  the  pleasure  of  delivering  into 
your  hands  for  transmission  to  that  distinguished  man.  This  is  the 
second  mark  of  recognition  which  this  Society  has  given  to  Prof. 
Heer,  the  "WoUaston  Donation  Fund  having  been  voted  to  him  in 
1862. 

Prof.  Ansted  having  suggested  that  Sir  Charles  Lyell,  as  a  par- 
ticular friend  of  Prof.  Heer's,  might  very  appropriately  speak  in  his 
name,  Sir  Charles  Lyell  in  reply  referred  briefly  to  the  nature  of 
Prof.  Heer's  work,  and  said  that  he  was  sure  that  gentleman  would 
appreciate  highly  this  renewed  expression  of  the  interest  taken  by 
the  Geological  Society  in  his  pursuits.  Sir  Charles  Lyell  remarked, 
further,  that  he  was  particularly  gratified  that  this  award  had  been 
made  at  the  present  time,  as  Prof.  Heer  was  now  able  to  resume  his 
labours  after  the  infirm  state  of  his  health  had  of  late  given  his 
friends  much  anxiety. 
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THE  AXXIVERSAEY  ADDRESS  OF  THE  PRESIDENT, 
His  Gbace  the  Duke  of  Argyll,  K.T.,  F.E.S. 

Gexilejiex, — Before  commencing  the  reading  of  my  Address  it  is 
my  duty,  in  the  first  place,  to  mention  some  of  the  more  noted  of  the 
Fellows,  intelligence  of  whose  decease  has  been  received  since  the 
last  Anniversary  Meeting*. 

Of  the  twenty-one  Fellows  of  the  Society  whose  names  have  in 
this  way  been  removed  from  our  List,  there  are  very  few  who  have 
contributed  any  thing  to  the  scientific  Proceedings  of  this  Society, 
or,  indeed,  in  any  public  fashion  to  the  progress  of  geology.  There 
is,  however,  one  of  those  whose  loss  we  have  to  deplore,  whose  name 
stands  at  the  very  head  of  the  list  of  students  of  our  science,  and 
who  was  one  of  the  veteran  band  of  geologists  by  whom  the  very 
foundations  of  that  science  were  laid.  Last  year  your  President  had 
to  refer  to  the  death  of  Sir  Roderick  ilurchison ;  to-day  I  have  to 
mention  the  decease  of  one  with  whose  name  that  of  M^urchison  will 
always  be  associated. 

Adaji  Sedgwick  was  bom  on  the  22nd  of  March,  1785,  at  Dent, 
in  Yorkshire,  where  his  family  had  been  settled  for  very  many  years. 
His  father  was  the  vicar  of  the  parish,  a  man  of  great  local  in- 
fluence and  of  considerable  learning.  The  young  Sedgwick  was 
educated  at  Sedbergh  school,  and  went  thence  to  Cambridge,  where 
he  entered  Trinity  College  in  1804.  At  Cambridge  he  read  chiefly 
mathematics,  and  returning  to  Dent  during  the  vacations  continued 
his  studies  with  the  self-taught  mathematician  Matthew  Dawson. 
In  1808  he  took  his  degree,  when  he  was  classed  as  5th  Wrangler ; 
and  in  the  following  year  he  was  elected  to  a  Fellowship  in  Trinity 
College,  of  which  he  subsequently  became  Assistant  Tutor.  He 
then  threw  himself  energetically  into  the  ordinary  work  of  the 
University,  until  in  1818  he  was  appointed  "\Yoodwardian  Professor 
of  Geology  in  the  room  of  Prof.  Hailstone.  In  the  same  year  he  was 
elected  a  Fellow  of  the  Royal  Society  and  of  this  Society,  and  was 
ordained  priest,  having  taken  deacon's  orders  in  1817.  In  1819,  in 
conjunction  with  others,  he  was  mainly  instrumental  in  founding 
the  Cambridge  Philosophical  Society,  of  which  he  was  one  of  the 
first  secretaries,  his  colleague  in  that  office  being  Professor  Lee. 

The  formal  duties  of  the  Woodwardian  Professors  were  of  rather 

*  As  the  pressure  of  public  affairs  prevented  the  President  from  writing  the 
Obituary  Z!v^otices,  they  hare  been  prepared  for  him  by  the  Assistant-Secretary. 
Mr.  Seeley,  P.G-.S.,  kindly  furnished  important  assistance  in  the  {^reparation  of 
the  memoir  of  Professor  Sedgwick. 
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a  singular  nature.     According  to  the  terms  of  the  founder's  will 
they  were  appointed  specially  for  the  purpose  of  defending  Dr. 
Woodward's  views  as  to  the  nature  and  origin  of  fossils  against  the 
attacks  of  Dr.  Camerarius,  of  Tubingen,  and  his  disciples  or  fol- 
lowers, an  engagement  to  this  effect  being  entered  into  by  each 
Professor  on  his  being  appointed  to  the  chair.     This  engagement 
was  always  faithfully  fulfilled  by  Prof.  Sedgwick  in  his  inaugural 
lecture  of  each  year.     Besides  this  duty  the  Professor  had  the  charge 
of  the  Woodwardian  Collections,  and  was  also  required  to  correspond, 
wlien  necessary,  on  scientific  matters  with  distinguished  foreigners. 
The  object  of  this  correspondence  was  the  procuring  of  fresh  spe- 
cimens for  the  museum ;   and  for  defraying  its  expense,  and  the 
direct  jiurchase  of  specimens,  a  sum  of  £10  annually  had  been  spe- 
cially   left    by   Dr.   Woodward.     The   geological   heresies  of  Dr, 
Camerarius  probably  gave  but  little  uneasiness  to  the  Woodwardian 
Professors,  who  also  thought  that  the  £10  a  year  allotted  to  defray 
the  expense  of  foreign  correspondence  and  tho  purchase  of  speci- 
mens might  be  better  employed,  so  that  prior  to  Sedgwick's  election 
the  Professorship  seems  to  have  become  almost  a  sinecure,  and 
scarcely  any  of  his  predecessors  had  given  lectures  on  geology. 

On  Sedgwick's  appointment,  however,  it  was  made  a  condition 
that  he  should  lecture.  His  knowledge  of  geology  at  this  time  was 
probably  of  the  most  scanty  description  (he  himself  said,  later  in 
hfe,  that  he  had  merely  observed  some  phenomena  of  stratification 
iu  the  Carboniferous  Limestone  about  Dent) ;  and  his  appointment, 
with  the  condition  attached  to  it,  must  have  been  due  to  a  conviction 
on  the  part  of  the  University  authorities  that  a  high  Wrangler  must 
be  able  to  do  whatever  man  could  do,  rather  than  to  the  recognition 
of  any  special  fitness  of  the  newly  appointed  Professor  for  the  func- 
tions assigned  to  him.  But  whatever  may  have  been  his  deficiencies 
in  this  respect,  he  set  himself  most  energetically  to  supply  them. 
Almost  immediately  after  his  ai^poiutment  he  started  in  company 
with  Prof.  Henslow  to  investigate  the  geology  of  the  Isle  of  Wight  ; 
and  upon  the  materials  collected  in  this  excursion  his  first  course  of 
lectures  was  founded.  Prom  tliis  time  he  allowed  no  opportunity  of 
acquiring  geological  knowledge  to  escape  him ;  and  as  early  as  May 
1820  we  find  him  communicating  to  the  Cambridge  Philosophical 
Society  his  first  paper,  in  which  he  treats  of  tho  physical  structure 
of  Devonshire  and  Cornwall.  Early  in  his  scientific  career  he  visited 
Paris  in  successive  winters,  where  he  benefited  by  the  instructions, 
and  enjoyed  the  friendship,  of  Cuvier  and  De  Blainville,  and  of  other 
eminent  men  who  were  then  at  the  head  of  science  in  France. 
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In  1820  Professor  FcdgTvick  Avas  elected  President  of  this  Society; 
and  he  served  that  ciRce  for  the  usual  term  of  two  years.  Both 
before  and  after  this  date  he  communicated  many  papers  to  the 
society,  several  of  them  jircpared  in  conjunction  with  the  late  Sir 
Hoderick  Murchison,  his  intimacy  with  whom  commenced  at  the 
very  outset  of  the  latter's  scientific  career.  In  company  with  Mur- 
chison  he  visited  many  parts  of  Britain  and  the  continent  of  Europe  ; 
and  the  results  of  their  travels  are  to  he  found  in  theii- joint  papers. 

In  1833  Sedgwick  was  President  of  the  British  Association  during 
its  first  meeting  at  Cambridge. 

In  1S34  he  was  presented  to  a  Canonry  in  JS'orwich  Cathedral,  by 
Lord  Brougham,  who  was  at  that  time  Lord  Chancellor.  He  was 
subsequently  offered  various  pieces  of  church  preferment,  but  always 
declined  them,  as  their  acceptance  would  have  severed  his  connexion 
with  the  University. 

In  February  ISol  the  Council  of  this  Society  awarded  to  Prof. 
Sedgwick  the  Wollaston  Palladium  Medal,  the  highest  honour  in  their 
power  to  bestow,  in  recognition  of  the  value  of  his  "  original  re- 
searches in  develoi)ing  the  geological  structure  of  the  British  Isles,  the 
Alps,  and  the  lihenisli  Provinces."  Twelve  years  later,  in  1863,  ho 
received  from  the  Koyal  Society  the  Copley  Gold  Medal  ''for  his  ob- 
servations and  discoveries  in  the  geology  of  the  Palceozoic  series  of 
Hocks,  and  more  especially  for  his  determination  of  the  characters 
of  the  Devonian  system,  by  observations  of  the  order  and  super- 
position of  the  Killas  rocks  and  their  fossils  in  Devonshire." 

When  responding  to  the  speech  of  the  President  and  expressing 
his  thanks  to  the  CouncU  of  this  Society  for  the  award  of  the  "Wol- 
laston  Medal,  Prof.  Sedgwick  spoke  of  himself  as  nearly  approaching 
"  that  limit  of  man's  age,  beyond  which  his  days  are  '  but  labour  and 
sorrow,'"  and  as  having  probably  but  few  more  years  to  devote  to  the 
advancement  of  the  science  to  which  he  had  done  such  good  service. 
His  health,  in  fact,  had  never  been  very  robust ;  and  for  years 
before  the  date  referred  to  he  may  be  said  to  have  been  an  habitual 
invalid,  compelled  to  pay  the  strictest  attention  to  his  diet  in  order 
to  avoid  serious  illness.  And  subsequently  to  this  date  his  writings 
on  geological  subjects  were  but  few.  For  many  years  he  constantly 
referred  to  his  sense  of  the  increasing  infirmities  of  age,  and  declared 
from  year  to  year  that  they  would  compel  him  to  resign  his  Pro- 
fessorship. Nevertheless,  being  convinced  by  his  friends  that  his  re- 
signation of  that  position  would  be  injurious  to  the  cause  of  science 
in  the  University  of  Cambridge,  he  continued  to  occupy  the  chair 
until  his  death,  which  took  place  on  the  27th  of  January  in  the  pre- 
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sent  year,  in  his  rooms  in  Trinity  College,  of  -which  ho  had  long  been 
the  Senior  Fellow.  At  his  death  he  was  within  six  weeks  of  com- 
pleting his  88th  year.  On  the  1st  of  February  his  remains  were 
consigned  to  the  tomb  in  the  ante-chapel  of  Trinity  College,  and  he 
was  followed  to  his  last  resting  place  by  most  of  the  resident  members 
of  the  University  and  by  many  distinguished  scientific  men  anxious 
to  pay  this  last  tribute  of  respect  and  aifection  to  one  who  had 
laboured  so  efFectually  for  the  advancement  of  science,  and  whose 
personal  character  had  endeared  him  to  all  who  knew  him. 

In  estimating  the  influence  exerted  by  Professor  Sedgwick  during 
his  long  life  upon  geological  science,  we  have  to  consider  him  in 
various  lights, — in  his  connexion  with  the  University  as  a  teacher  of 
science,  and  as  advocating  the  claims  of  science  to  recognition  as  a 
legitimate  branch  of  culture  in  opposition  to  those  vehement  pre- 
judices which  existed,  especially  against  geology,  in  the  minds  of 
many  leading  men — in  the  effect  of  his  personal  character  upon  the 
minds  of  those  with  whom  he  was  brought  into  direct  contact — in 
his  vigorous  original  investigation  of  geological  facts,  and  his 
writings  on  geology — and  in  the  untiring  energy  and  noble  liberality 
which  he  displayed  in  the  acquisition  and  arrangement  of  the  mag- 
nificent collections  now  contained  in  the  AVocdwardian  Museum. 

In  the  first  of  these  capacities,  namely  as  a  teacher  of  geology, 
his  lectures,  till  within  the  last  ten  years  of  his  life,  were  character- 
ized by  a  philosophical  grasp  of  the  principles  on  which  geology  as 
a  science  must  rest,  equal  prominence  being  given  to  the  physical 
and  palseontological  evidences.  His  delivery  was  most  eloquent, 
and  often  impetuous,  his  style  simple  and  logical ;  in  the  construc- 
tion of  his  lectures  there  was  a  unity  of  i)lan  which  rendered  it 
easy  for  his  hearers  to  carry  away  with  them  the  clearest  notion 
of  the  subject  of  which  he  had  been  treating ;  and  the  current  of  his 
discourse  was  always  diversified  by  strokes  of  humour  which  served 
to  enliven  his  treatment  even  of  the  driest  subjects.  This  humour, 
and  the  enthusiasm  which  Prof.  Sedgwick  always  displayed,  and 
which  fairly  carried  his  audiences  away  with  him,  constituted  the 
great  charm  of  his  public  discourses. 

In  the  more  intimate  relations  of  life  the  same  qualities  also  gave 
him  immense  influence  over  those  with  whom  he  associated ;  and  as 
his  students  were  freely  admitted  to  intercourse  with  him,  and  in- 
deed even  induced  by  every  means  to  seek  his  societ}^  both  in  the 
cabinet  and  in  the  field,  it  can  be  no  matter  of  wonder  that  so  many 
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active  workers  in  geolog}-,  among  whom  may  be  mentioned  such, 
names  as  those  of  Darwin,  Jukes,  and  Ansted,  were  inspired  bj'  the 
precept  and  example  of  Sedgwick  to  labour  in  that  field  which  ho 
cultivated  with  such  enthusiasm  and  success. 

At  the  time  of  Sedgwick's  appointment  as  Woodwardian  Professor, 
the  science  of  geology  was  in  its  infancy,  and  amongst  the  more 
narrow-minded  of  the  orthodox  party  in  Cambridge  there  must  have 
been  many  who  regarded  it  with  alarm,  and  would  have  rejoiced 
to  strangle  it  in  its  cradle.  Under  these  circumstances  no  better 
selection  could  have  been  made  than  that  of  Prof.  Sedgwick,  whose 
extraordinary  mental  energy  peculiarly  fitted  him  for  maintaining 
what  he  believed  to  be  the  truth  against  all.  opposition.  And 
throughout  the  course  of  his  University  life  he  always  consistently 
advocated  the  recognition  of  natural  science  as  a  legitimate  sub- 
ject of  academic  study,  and  its  full  right  to  obtain  for  its  votaries 
honours  equal  to  those  assigned  to  successful  students  in  mathe- 
matics and  classics.  Probably  the  opposition  he  met  with  in  his 
efforts  towards  this  end,  coupled  perhaps  ^dth  recollections  of  a  time 
when  his  geological  faith  was  almost  a  matter  of  opprobrium,  may 
have  urged  him  to  take  up  the  cause  of  other  reforms  in  the  Univer- 
sity, and  to  advocate  strongly  the  breaking  down  of  all  those  reli- 
gious and  intellectual  tests  which  sought  to  confine  the  advantages 
of  University  training  to  those  who  held  by  one  particular  way  of 
thinking.  At  the  same  time  it  must  be  admitted  that  the  course  he 
took  in  connexion  with  these  reforms  was  in  accordance  with  the 
whole  tenor  of  his  life,  and  especially  with  that  strong  sense  of 
justice  which  Avas  one  of  his  most  prominent  characteristics. 

As  a  geological  investigator  and  writer  the  chief  object  which  he 
had  set  before  him  was,  as  he  himself  used  to  say,  "  the  unravelling 
of  the  story  of  the  older  Palseozoic  rocks."  His  first  essays  in  this 
direction  Avere  made  at  a  very  early  period  of  his  career,  when  he  in- 
vestigated the  disturbed  strata  of  the  Killas  and  associated  rocks  in 
the  counties  of  Devon  and  Cornwall.  His  first  paper,  already  alluded 
to  as  communicated  to  the  Cambridge  Philosophical  Society  in  1820, 
was  upon  these  formations ;  and  as  he  was  no  doubt  attracted  to 
their  investigation  by  the  mathematical  tendencies  of  his  mind,  due 
to  his  Cambridge  education,  and  his  subsequent  work  CAidently 
took  its  character  from  this  commencement,  we  may  regard  the  par- 
ticular direction  in  which  his  chief  studies  were  pursued  as  due  in 
the  first  instance  to  his  mathematical  training.     To  this  also,  espe- 
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cially  to  his  thorough  mastery  of  solid  geometry,  much  of  his  brilliant 
success  as  a  physical  geologist  is  due. 

The  south-westeru  portion  of  England  continued  to  occupy  Prof. 
Sedgwick's  attention  for  many  years;  and  he  published  several 
papers  iipon  its  geology,  some  of  them  prepared  in  conjunction  with 
the  late  Sir  lloderick  Murchisou.  The  investigations  of  these  two 
friends,  the  final  results  of  which  were  embodied  in  a  joint  paper  on 
the  physical  structure  and  older  stratified  deposits  of  Devonshire, 
led,  through  the  palaeontological  researches  of  Lonsdale,  to  the  esta- 
blishment of  the  Devonian  system. 

Between  1822  and  1828  Prof.  Sedgwick  devoted  considerable  at- 
tention to  the  Magnesian  Limestone  of  the  north  of  England,  and 
described  the  results  of  his  investigations  in  papers  communicated  to 
this  Society  and  published  in  the  third  volume  of  the  second  series 
of  our  Transactions.  In  these  papers  he  described  the  characters 
and  traced  the  extension  of  this  formation,  which  had  previously 
been  indicated  by  Smith,  in  Yorkshire,  under  the  name  of  the  "  Pon- 
tefract  Pock."  He  first  noticed  the  peculiar  concretionary  structure 
w^hich  characterizes  some  portions  of  the  formation,  established  its 
subdivisions  very  nearly  in  the  manner  at  present  adopted,  and  indi- 
cated their  correspondence  with  foreign  equivalents.  This  descrip- 
tion of  the  Magnesian  Limestone  must  be  regarded  as  the  most  com- 
plete production  of  Prof.  Sedgwick's  pen. 

It  was  probably  the  observation  of  the  remarkable  forms  presented 
by  the  concretionary  Magnesian  Limestone  (which  evidently  pro- 
duced a  great  eftect  on  his  mind)  that  induced  Prof.  Sedgvrick  to 
turn  his  attention  soon  after  the  reading  of  this  paper  to  the  causes 
of  such  peculiarities,  and  led  to  the  production  of  his  paper  "  On  the 
structure  of  large  mineral  masses,  and  especially  on  the  chemical 
changes  produced  in  the  aggregation  of  stratified  rocks  during  dif- 
ferent periods  after  their  deposition,"  which  was  read  before  this 
Society  on  the  11th  of  March,  1835,  and  published  in  the  third 
volume  of  the  second  series  of  our  Transactions.  It  contains  an  ex- 
cellent discussion  of  the  phenomena  of  metamorphism,  concretionary 
structure,  cleavage,  and  joints ;  the  terms  "  cleavage  "  and  '•'  strilie  " 
are  here  first  introduced  into  geology. 

In  1822-24  Sedgwick  was  engaged  in  investigating  one  of  the 
most  difficult  problems  in  British  geology,  namely  the  structure  of 
the  Cumbrian  mountains.  His  first  paper  upon  this  subject  was 
communicated  to  this  Society  in  January  1831 — and  was  followed  by 
others,  terminating  on  the  2nd  of  February  1848.     In  the  meau-^ 
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■while  he  had  teen  er gaged,  partly  alone,  partly  in  eompany  with 
Sir  Eoderick  Murchison,  in  the  investigation  of  the  geological 
structure  of  Wales,  Sedgwick  working  upwards  from  those  dis- 
turbed and  obscure  rocks,  which  seem  always  to  have  possessed 
for  him  a  peculiar  fascination,  while  Murchison  commenced  his 
labours  upon  the  higher  deposits,  the  comparatively  undisturbed 
state  and  abundant  fossil  contents  of  which  seemed  to  offer  a  pro- 
blem more  easy  of  solution,  Sedgwick's  results,  obtained  in  the  first 
year  of  his  labours  and  communicated  to  the  British  Association 'in 
1832,  and  to  the  Cambridge  Philosophical  Society  in  March  1833, 
seemed  to  him  to  furnish  a  clue  to  the  whole  structure  of  the  country ; 
for  he  states  that  in  Caernarvonshire  and  Merionethshire  "  the  strata 
are  bent  into  saddles  and  tronrjhs,  of  which  the  anticlinal  and  syn- 
clinal lines  occur  alternately,  and  are  all  nearly  parallel  to  the  '  great 
Merionethshire  anticlinal  line.'"  It  was  by  sections  taken  across 
these  chief  anticlinal  and  synclinal  lines  that  Sedgwick  was  enabled 
to  work  out  the  stratigraphical  succession,  and  to  characterize  the 
principal  subdivisions  of  what  in  1835  he  denominated  the  Cambrian 
system.  At  the  same  time  Murchison  had  reached  what  he  regarded 
as  the  base  of  his  Silurian  system ;  and  in  the  autumn  of  1835  the 
tAVO  investigators  communicated  to  the  Meeting  of  the  British  Asso- 
ciation in  Dublin  a  general  account  of  the  combined  results  of  their 
several  labours,  ttc.,  by  which  it  was  sujiposed  that  the  Cambrian 
and  Silurian  systems  were  definitively  established  as  distinct  and  suc- 
cessive series  of  formations.  It  was  soon  found,  however,  that  the 
actual  boundary  between  the  two  systems  had  not  been  accurately  as- 
certained ;  and  by  degrees  a  controversy  arose  upon  this  point,  which 
cannot  yet  be  regarded  as  absolutely  settled.  To  the  last  Sedgwick 
maintained  his  original  views,  which  were  reiterated  in  almost  the 
same  form  in  his  later  writings,  the  most  important  of  which  was 
the  "  Synopsis  of  the  Classification  of  the  British  Palaeozoic  Bocks," 
prefixed  to  Prof.  M'Coy's  descriptions  of  British  Palteozoic  Fossils. 

Of  Prof.  Sedgwick's  numerous  other  contribiitions  to  geological 
literature,  most  of  which  related  to  the  Palaeozoic  series  of  rocks, 
only  a  few  can  be  here  briefly  referred  to.  At  an  early  period  of  his 
acquaintance  with  Murchison  the  two  friends  devoted  themselves  to 
an  investigation  of  the  Isle  of  Arran,  the  results  of  which  are  given 
by  them  in  an  important  paper  published  in  our  Transactions.  A 
little  later  Sedgwick  and  Murchison  examined  the  structure  and 
relations  of  the  Pala3ozoic  rocks  of  the  north  of  Scotland ;  and 
from  this  investigation  originated  their  valuable  joint  paper  on  this 
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subject,  also  published  in  the  Trausactious  of  the  Society.  The 
results  of  various  Continental  excursions  were  also  communicated 
to  this  Society  ;  in  these  papers  the  authors  discussed,  especially, 
the  structure  of  the  Eastern  Alps  and  of  the  I^orth  of  Germany  and 
Belgium,  their  final  contribution  to  this  series  being  the  valuable 
memoir  "  On  the  Distribution  and  Classification  of  the  Older  or 
Palaeozoic  Deposits  of  the  North  of  Germany  and  Belgium,  and 
their  comparison  with  Formations  of  the  same  age  in  the  British 
Isles,"'  published  in  the  sixth  volume  of  the  second  series  of  our 
Transactions. 

Prof.  Sedgwick  contributed  but  little  to  the  literature  of  Secondary 
Geology.  Nevertheless  one  of  his  earliest  investigations  was  that  of 
the  Secondary  strata  of  the  Yorkshire  coast,  which  he  examined  in 
1821,  although  the  results  of  his  researches  were  not  published  until 
1S2G,  when  he  found  that  Young  and  Bird's  '  Geology  of  the  Y'ork- 
shire  Coast '  did  not  by  any  means  come  \ip  to  his  expectations. 
In  his  paper  Sedgwick  endeavoured  to  make  up  for  the  deficiencies 
of  this  book  by  a  correlation  of  the  beds  observed  by  him  with  those 
occurring  in  other  parts  of  England.  Twenty  years  later,  in  1845, 
Sedgwick  communicated  to  the  Meeting  of  the  British  Association  in 
Cambridge  a  paper  on  the  geology  of  the  neighbourhood  of  that 
city,  in  which  he  clearly  indicates  the  outlines  of  nearly  every  thing 
of  importance  that  has  since  been  done  in  the  investigation  of  that 
district. 

In  all  these  writings  he  exhibits  the  same  characteristics — inde- 
fatigable energy  in  the  observation  of  facts,  the  most  penetrating 
sagacity  in  grasping  their  significance,  and  the  broadest  possible 
power  of  generalization. 

There  is  yet  another  mode  of  activity  by  which  Prof.  Sedgwick 
has  exerted  a  most  px'ofound  influence  upon  the  progress  of  geologj', 
and  by  which,  whilst  raising  an  imperishable  monument  to  his 
memory,  he  has  provided  one  of  the  best  securities  for  the  continued 
successful  cultivation  of  his  favourite  science  in  Cambridge.  On  his 
receiving  the  appointment  of  "VYoodwardian  Professor,  the  collection 
of  which  he  was  put  in  charge  consisted  solely  of  the  original  col- 
lections of  British  and  foreign  Fossils  and  Minerals  brought  together 
in  the  17th  century  by  Dr.  "Woodward.  From  the  first  he  set  him- 
self vigorously  to  the  task  of  forming  a  museum  worthy  of  the  Uni- 
versity ;  with  this  view,  wherever  he  went,  he  collected  rock  spe- 
cimens and  fossils,  and  used  all  his  influence  with  the  University 
authorities  to  induce   hem  to  make  purchases  of  fine  specimens  or 
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collections  too  costly  to  be  secured  at  his  own  expense.  Among  the 
most  important  of  these  acquisitions  may  be  mentioned  the  collection 
of  Count  Miinster's  duplicate  fossils,  the  Image  Collection  of  Chalk 
Fossils,  Fletcher's  Silurian  Collection,  and  the  Leckenby  Collection 
of  Oolitic  Fossils,  chiefly  from  Yorkshire,  the  last  mentioned  mag- 
nificent series  having  been  purchased  with  fands  subscribed  in 
response  to  an  appeal  made  by  Prof.  Sedgwick,  in  which  he  speaks 
in  a  most  touching  manner  of  his  being  prevented  by  the  infirmities 
of  age  from  enriching  the  collections  by  his  personal  efforts. 

For  many  years  the  great  accumulations  of  specimens  of  all  kinds 
which  were  gradually  finding  their  way  into  the  hands  of  the  Cam- 
bridge Professor  had  no  fitting  place  for  their  reception,  the  only 
apartment  assigned  to  him  for  this  purpose  being  a  room  under  the 
Divinity  Schools,  in  which  the  specimens  were  stored  away,  generally 
in  the  packages  in  which  they  had  come  to  Cambridge,  It  may 
easily  be  imagined  that  such  a  state  of  things  would  be  by  no  means 
satisfactory  to  Prof.  Sedgwick ;  and  he  exerted  all  his  influence  to 
put  an  end  to  it.  At  length,  i a  1842,  he  obtained  possession  of  the 
fine  suite  of  rooms  under  the  new  building  of  the  University  Library, 
in  which  the  collections  are  at  present  displayed  ;  and  now,  as  might 
have  been  expected,  he  devoted  himself  with  his  accustomed  enthu- 
siasm to  the  task  of  getting  the  collections  arranged  in  the  manner  best 
adapted  to  advance  the  study  of  geolog}'  in  the  University.  AVith 
this  view  he  secured  the  assistance  of  a  succession  of  able  coadjutors 
in  the  persons  of  Ansted,  Jukes,  Salter,  M'Coy,  Barrett,  and  Seeley, 
under  whose  hands  the  treasures  of  the  Museum  were  gradually 
brought  into  order,  and  in  many  cases  described.  Thus  the  fine 
collection  of  Palaeozoic  fossils  gave  origin  to  the  '  Descriptive  Cata- 
logue '  of  Prof.  M'Coy,  published  in  1851-55,  and  to  the  '  Contribu- 
tions to  British  Palaeontology '  of  the  same  author ;  whilst  of  late 
years  Mr.  Seeley  has  published  a  Catalogue  of  the  Ueptilia  of  the 
Secondary  strata,  and  a  descriptive  Catalogue  of  the  remains  of 
Ornithosauria  from  the  Cambridge  Grecnsand,  founded  on  the  speci- 
mens contained  in  the  museum.  Mr.  Salter  had  also  prepared  on 
Index  supplement  to  Prof.  M'Coy's  descriptive  Catalogue.  This 
was  nearly  completed  at  the  time  of  Mr.  Salter's  death,  and  has 
since  been  edited  by  Prof.  Morris,  and  furnished  by  Prof.  Sedg- 
wick with  an  elaborate  preface,  which  will  explain  fully  his  views 
as  to  the  nomenclature  and  classification  of  the  older  Palxozoic 
ro  cks,  and  serve  as  a  summing  up  of  his  side  of  the  question  at 
issue  between  Cambria  and  Siluria.      Near  the  end  of  this  pre- 
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face  Prof.  Sedgwick  expresses  Limself  as  follows  :• — "  There  were 
three  i)rominent  hopes  which  possessed  my  heart  in  the  earliest 
years  of  my  Professorship  : — first,  that  I  might  be  enabled  to 
bring  together  a  collection  worthy  of  the  University,  and  illus- 
trative of  all  the  departments  of  the  science  it  was  my  duty  to 
study  and  to  teach;  secondly,  that  a  Geological  Museum  might  be 
built  by  the  University,  amply  capable  of  containing  its  future  col- 
lections ;  and,  lastly,  that  I  might  bring  together  a  class  of  students 
who  would  listen  to  my  teaching,  support  me  by  their  sympathy, 
and  help  me  by  the  labour  of  their  hands.  It  now  makes  me  happy 
to  say  that  all  these  hopes  have  for  many  j^cars  been  amply  rea- 
lized." 

Mr.  William  Bainbridge  of  Xewcastle-on-Tyne,  who  joined  the 
Society  in  the  year  1846,  was  the  son  of  Mr.  William  Bainbridge, 
Solicitor,  of  Alston  Moor.  He  was  called  to  the  Bar  in  1838,  and 
acquired  some  eminence  as  a  Conveyancer.  His  only  contribution 
to  Geological  literature  is  a  paper  '  On  the  Pennine  Pault  in  con- 
nexion with  the  Volcanic  Piocks  at  the  foot  of  Cross  Fell,  and  with 
the  Tynedale  Fault,  called  the  ninety-fathom  Dyke,'  which  was  com- 
municated to  the  Geological  Section  of  the  British  Association  during 
the  Meeting  at  Newcastle  in  1863.  In  connexion  with  his  pro- 
fession, however,  he  published  '  A  Treatise  on  the  Law  of  Mines 
and  Minerals,'  which  has  passed  through  three  editions.  Mr. 
Bainbridge  died  last  year,  at  the  age  of  60. 

Mr.  Nathaniel  Beahdmore,  a  Civil  Engineer  of  considerable 
eminence,  especially  in  connexion  with  hydraulic  works,  was  born 
at  Nottingham,  in  1816.  He  became  a  Fellow  of  this  Society  in 
1848,  but  rarely  attended  its  meetings,  and  never  communicated 
any  thing  to  its  publications.  An  important  work  connected  with 
his  immediate  profession,  namely  his  '  Manual  of  Hydrology,'  con- 
tains much  information  of  great  value  to  the  geologist.  The  foun- 
dation of  this  book,  published  in  1850,  consisted  only  of  Hydraulic 
Tables  for  the  use  of  Engineers  in  the  solution  of  questions  connected 
with  hydraulic  operations.  This  was  expanded  into  the  '  Manual  of 
Hydrology,'  which  appeared  in  1862,  and  contains,  besides  the  Tables, 
a  great  amount  of  valuable  information  upon  tides,  rainfall,  evapo- 
ration, and  the  flow  of  rivers,  and  also  upon  springs  and  wells.  For 
many  years  Mr.  Beardmore  was  a  leading  authority  upon  all  questions 
r.^lating  to  water-supply.     He  died  on  24th  August,  1872. 
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Air.  TaoiiAs  Bloxa.ii  was  bora  iu  London,  in  1836,  and  during  his 
education,  at  the  City  of  London  School,  showed  an  early  predilection 
for  scientific  studies,  which  led  him  to  discharge  the  duties  of  Assis- 
tant to  the  Lecturer  on  Chemistry  and  Xatural  Philosophy.  He 
subsequently  studied  Chemistry  at  King's  College,  where  his  brother, 
Prof.  Bloxam,  was  then  Demonstrator  in  Chemistry ;  and  in  1855  he 
was  appointed  Chemist  to  the  Industrial  Museum  of  Scotland,  a 
position  which  he  held  until  1859.  Mr.  Bloxam  then  became  Lec- 
turer on  Chemistry  in  the  Medical  School  of  St.  George's  Hospital, 
where  he  remained  until,  in  1862,  he  proceeded  to  Cheltenham  Col- 
lege as  Lecturer  in  Experimental  and  Natural  Science.  He  remained 
at  Cheltenham  until  his  death  in  July  last.  Mr.  Bloxam  became  a 
Fellow  of  the  Chemical  Society  in  1859,  and  of  this  Society  in  1869. 
He  never  contributed  any  papers  to  our  publications ;  but  to  the 
Royal  Society  of  Edinburgh  he  communicated,  iu  1857,  an  '  Analysis 
of  the  Craigleith  Sandstone,'  and,  in  1862,  papers  '  On  the  composition 
of  the  Building-stones  of  Craigleith,  Binnie,  Gifnock  and  Partick 
Bridge '  and  '  On  the  Composition  of  the  Glassy  Surface  of  some  vitri- 
fied Forts.' 

Robert  Daux,  M.D.,  was  the  eldest  son  of  the  Rev.  George  Daun, 
minister  of  Insch,  in  Aberdeenshii-e.  He  was  educated  at  Aberdeen 
and  Edinburgh,  and  took  his  degree  of  M.D.  in  the  latter  University, 
after  which  he  entered  the  Army  as  Surgeon,  and  served  in  this 
capacity  with  the  Scots  Greys  at  Waterloo.  Dr.  Daun  was  subse- 
quently appointed  one  of  the  Inspectors  General  of  Hospitals.  He 
joined  this  Society  in  the  year  1832,  but  does  not  appear  to  have 
devoted  any  special  attention  to  Geology,  his  principal  study  being 
Mathematics,  in  connexion  with  which  he  accumulated  a  large  library. 
For  the  last  ten  years  of  his  life  he  resided  in  Edinburgh,  where  he 
died  in  1871  at  the  advanced  age  of  86. 

Mr.  Jonx  Samuel  Exy8  (ne  Hrxx)  assumed  the  name  of  his 
mother's  family  on  succeeding  to  their  large  landed  property  in 
Cornwall.  He  joined  the  Geological  Society  in  1840.  His  only 
Geological  paper  '  On  the  Granite  found  near  Penryn,  and  on  the 
mode  of  working  it,'  appeared  in  the  '  Philosophical  Magazine  '  for 
May  1833.  He  took  much  interest  in  Cornish  mining-operations, 
and  made  many  communications  to  the  British  Association,  the  In- 
Btitution  of  Civil  Engineers,  and  various  provincial  societies  on  the 
subject  of  pumpiug-engines  for  mining-purposes.     Mr,  Enys  also 
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took  an  active  part  iu  the  procesdings  of  the  Philosophical  Institutions 
in  his  neighbourhood,  and  z^aloash''  promoted  the  diffusion  of  scien- 
tific knowledge  among  the  miners.  He  died  in  the  early  part  of  last 
year,  after  a  long  illness,  at  Enys,  the  family  seat,  near  Penryn,  in 
his  75th  year. 

Mr.  Philip  Haedavick,  an  Architect  of  consideral)le  eminence, 
■was  born  on  the  15th  June,  1792,  and  studied  his  profession  under 
his  father,  ilr.  Thomas  Hard  wick,  who  had  been  a  pupil  of  Sir  William 
Chambers.  In  1818  ho  began  to  practise  as  an  Architect;  and 
between  that  year  and  1842  (when  his  health  failed  him)  he  designed 
some  of  the  best  modern  buildings  in  London.  He  was  elected  a 
Member  of  the  Royal  Academy  in  1839,  and  in  1850  became  Trea- 
surer of  that  body.  He  became  a  Fellow  of  this  Society  in  1837, 
and  was  also  a  Fellow  of  the  Royal  Society  and  of  the  Society  of 
Antiquaries,  in  the  proceedings  of  which  he  took  much  interest, 
although  his  professional  avocations  and  the  state  of  his  health  pre- 
vented his  being  an  active  scientific  worker.  After  a  long  and  pain- 
ful illness  Mr.  Hard  wick  died  at  Wimbledon  on  the  28  th  of  De- 
cember, 1870. 

Mr.  William:  Keexe,  Government  Examiner  of  Coal-fields  in  New 
South  Wales,  was  born  at  Eath  in  the  year  1798.  In  1821  he 
commenced  the  study  of  medicine  in  London,  and  soon  afterwards 
became  acquainted  with  Mr.  Goldsworthy  Gurney,  the  inventor  of  the 
Rude  light,  whom  he  assisted  in  his  lectures  at  the  Surrey  Institution. 
In  1827,  having  abandoned  the  profession  of  medicine,  Mr.  Keene 
went  to  the  south-west  of  France  for  the  purpose  of  introducing 
certain  improvements  in  steam  navigation.  He  then  resided  for 
many  years  iu  the  Pyrenees,  devoting  his  attention  especially  to  the 
study  of  Geology;  but  the  revolution  caused  him  to  return  to  England 
in  1848.  In  1852  he  left  England  for  New  South  Wales,  where  he 
was  appointed  one  of  the  Government  Examiners  of  Coal-fields, 
and,  after  the  death  of  Mr.  Stutchbury,  performed  all  the  functions 
of  Government  Geologist.  In  1864  Mr.  Keene  assisted  the  natura- 
lists of  the  Austrian  Frigate  'Novara'  with  much  information  upon  the 
geology  of  Australia ;  and  in  recognition  of  the  services  rendered  by 
him  on  this  occasion,  he  was  in  the  following  year  elected  a  Corre- 
sponding Member  of  the  Geological  Institute  of  Vienna,  Collections 
of  the  minerals  and  fossils  of  Australia  were  also  sci->t  by  him  to 
the  great  Exhibitions  which  have  taken  place  in  London,  Paris,  and 
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elsewhere ;  the  collection  sent  by  him  to  Paris  in  1867  received  the 
gold  medal.  Mr.  Kecne  became  a  Fellow  of  this  Society  in  1805; 
and  in  the  same  year  he  communicated  to  the  Society  a  jmper  "On  the 
Coal-measures  of  Xew  South  Wales,  with  Spirifer,  Olossopterls,  and 
Lepklodendrony  Another  paper,  "  On  the  examination  of  Brown 
Cannel  or  Petroleum  Coal-seams  at  Colley  Creek,  Liverpool  Plains, 
N.  S.  W".,"  was  communicated  by  Mr.  Keene  to  the  Society  in  the 
following  year ;  and  these  seem  to  be  his  only  geological  publications. 
He  died  on  the  2nd  February,  1872. 

Dr.  E.  F.  Kelaart,  F.L.S.,  was  a  native  of  Ceylon,  belonging  to 
a  family  descended  from  early  Dutch  colonists.  His  father  was 
employed  in  the  military  medical  department ;  and  by  his  precepts 
and  example  young  Kelaart  was  early  led  to  turn  his  attention  to 
natural  history.  In  this  pursuit  he  was  also  encouraged  by  the 
late  Mr.  Henry  Marshall,  Deputy  Inspector-General  of  Hospitals. 
Having  visited  England  for  the  purpose  of  studying  medicine  and 
surgery,  and  obtained  his  diploma  of  M.D.,  he  was  appointed,  in 
1841,  a  Staff  Assistant- Surgeon  in  her  Majesty's  Forces,  and  stationed 
at  Gibraltar,  the  plants  of  which  place  he  studied  carefully.  In 
1846  he  published  the  results  of  these  investigations  in  a  small 
work  entitled  '  Flora  Calpensis,  or  Contributions  to  the  Botany  and 
Topography  of  Gibraltar.' 

Eeturning  to  his  native  island  of  Ceylon,  Dr.  Kelaart  occupied 
himself  for  several  years  in  the  investigation  of  its  natural  histoiy, 
upon  which  he  published  several  papers.  A  '  Prodromus  Faunse 
Zeylanicae  '  was  also  commenced  by  him  ;  and  the  first  volume  and 
part  of  the  second  appeared  at  Colombo  in  1852  and  1854.  In  1856 
he  was  commissioned  to  investigate  the  natural  history  of  the  Pearl- 
oyster  of  Ceylon  ;  and  his  '  Introductory  Eeport '  on  this  subject, 
containing  some  valuable  observations,  was  published  at  Trincomalee 
in  1857. 

Dr.  Kelaart  became  a  Fellow  of  this  Society  in  1845,  but  never 
contributed  to  its  publications.  His  only  recorded  geological  paper, 
entitled  "  Xotes  on  the  Geology  of  Ceylon  :  Laterite  formation, 
fluviatile  deposits  of  Xcucra  EUia,"  ajipeared  in  vol.  Uv.  of  the  Edin- 
biu'gli  New  Philosophical  Journal  (1853). 

Dr.  Kelaart  died  suddenly  of  disease  of  the  lieart,  on  the  .31st  of 
August,  1860,  when  on  his  passage  to  England.  He  was  in  his 
42nd  vcar. 
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Mr.  John  La-\vson,  who  joiued  the  Geological  Society  in  1865," 
died  on  the  7th  Febniary  of  the  present  year,  at  the  age  of  48.  Mr. 
Lawson  never  published  any  papers  on  geological  subjects;  but  as  a 
Civil  Engineer,  connected  especially  -with  questions  of  -svater-supply 
and  drainage,  he  showed  a  thorough  appreciation  of  the  value  of 
geological  information. 

Mr.  Charles  Longman  had  been  for  ten  years  a  Fellow  of  this 
Society  ;  and  though  he  never  communicated  any  papers  to  it,  and 
was  not  a  frequent  attendant  at  its  meetings,  he  took  a  warm 
interest  in  the  progress  of  geological  science,  especially  in  all  matters 
relating  to  the  source  aud  flow  of  water,  and  to  the  antiquity  of 
Man.  He  was  the  second  son  of  the  late  Mr.  Longman,  of  Paternoster 
Row ;  and  both  his  surviving  brothers  are  Fellows  of  this  Society. 
His  death,  which  was  very  sudden,  took  place  on  the  4th  of  January 
in  the  present  year. 

Sir  Thomas  Phillips,  Bart.,  M.A.,  F.E.S.,  F.S.A.,was  the  son  of 
a  wealthy  manufacturer  in  Manchester,  where  he  was  born  in  July 
1792.  His  father  soon  afterwards  retired  from  business  to  an 
estate  which  he  purchased  in  "Worcestershire;  there  he  devoted  all  his 
attention  to  the  education  of  his  only  son,  who  was  sent  fii'st  to 
Rugby,  and  afterwards  to  Oxford,  where  he  took  his  degree  of  M.A. 
in  1820.  After  his  father's  death  in  1818,  he  devoted  himself  espe- 
cially to  the  study  of  literary  antiquities,  and  in  the  course  of  his 
long  life  brought  together  one  of  the  largest  collections  of  rare  books 
and  MSS.  ever  amassed  by  a  private  individual.  In  1821  he  was 
created  a  Baronet ;  and  during  the  last  few  years  of  his  life  he  was 
one  of  the  Trustees  of  the  British  Museum. 

Sir  Thomas  Phillips  was  elected  a  Fellow  of  this  Society  in  1830, 
but  never  contributed  any  thing  to  its  publications,  his  only  paper 
at  all  bearing  upon  any  subject  related  to  geological  research  being 
one  "  On  the  submersion  of  a  part  of  Hayling  Island  in  the  reign  of 
Edward  III.,"  pubHshed  in  1832  in  the  '  Journal  of  the  Royal 
Geographical  Society.'  Sir  Thomas  Philhps  died  on  the  Gth  of 
February,  1872. 

Mr.  AuGTSTrs  Smith,  of  Trcsco  Abbey,  Scilly,  the  eldest  son  of 
Mr.  John  Smith,  of  Ashlyus,  Hertfordshire,  was  born  in  1804,  and 
educated  at  Harrow  and  at  Christchurch  College,  Oxford.  In  1834 
he  became  leasee  of  the  Scilly  Islands,  where  he  rebuilt  Tresco  Abbey, 
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and  thenceforward  made  it  his  home.  His  residence  in  Scilly  pro- 
duced a  most  beneficial  effect  on  the  islands  :  he  found  the  islanders 
in  a  pitiable  condition ;  the  roads  were  few  and  bad ;  the  land  was  so 
subdivided  amongst  a  too  numerous  population,  that  the  holdings 
scarcely  sufficed  to  support  their  tenants ;  and  the  schools,  which 
were  but  thinly  attended,  were  of  the  most  unsatisfactory  description. 
By  judicious  exertions  ilr.  Smith  succeeded  in  obtaining  employment 
at  home  or  elsewhere  for  the  redundant  population,  constructed  a 
pier,  laid  out  good  roads,  and  established  schools,  at  which  he  ren- 
dered attendance  compulsory  by  making  the  rents  paid  by  the 
parents  depend  inversely  on  the  presence  of  their  children  at  school. 
The  beneficial  eftect  of  these  measures  on  the  prosperity  of  the 
people  of  the  Scilly  Islands  has  been  most  striking.  From  1857  to 
18G5  3Ir.  Smith  represented  the  borough  of  Truro  in  Parliament. 

During  his  stay  at  Oxford  llr.  Smith  wa.s  a  constant  attendant  at 
the  lectures  of  the  late  Dr.  Buckland,  and  from  an  early  period  of 
his  residence  in  Cornwall  he  was  a  zealous  supporter  of  the  county 
institutions.  Of  the  Royal  Institution  of  Cornwall  he  was  President 
for  two  years.  The  Chair  of  the  Royal  Geological  Society  of  Corn- 
wall was  filled  by  him  for  six  years ;  and  the  erection  of  its  excellent 
Museum  at  Penzance  was  in  great  measure  due  to  his  energy  and 
perseverance.  His  only  geological  publication  is  a  paper  "  On  the 
Chalk-flints  and  fragments  of  Greensand  found  on  one  of  the  islands 
of  Scilly,"  which  appeared  in  the  Transactions  of  the  Royal  Geological 
Society  of  Cornwall  (vol.  vii.  p.  343).  His  other  papers  are  "  On 
the  opening  of  a  Kist-vacn  at  Scilly  "  and  "  On  the  capture  of  the 
Golden  Oriole  in  the  gardens  of  Tresco,"  published  in  the  '  Journal 
of  the  Royal  Institution  of  Cornwall'  (vol.  ii.).  Many  additions  to 
the  ornithology  of  the  British  islands  made  at  Scilly  and  recorded  in 
Yarrell's  '  British  Birds '  were  due  to  the  vigilance  of  Mr.  Smith, 
and  of  his  game-keepers. 

Mr.  Smith  died  at  Plymouth  in  July  last,  and,  by  his  own  desire, 
was  buried  on  the  mainland,  but  in  a  chiirr-hyard  visible  from  the 
spot  he  had  done  so  much  to  improve  and  adorn. 

M.  PHiLippE-MARiE-GriLLAr.ME  VAX  DER  Maelex,  boru  at  Brussels 
on  the  23rd  December,  1795,  was  originally  destined  by  his  father 
to  a  mercantile  career  ;  but  after  trying  this  for  a  time,  he  gave  it 
up,  in  order  to  indulge  what  seems  to  have  been  an  innate  impulse 
to  the  study  of  geography.     In  1827  he  published  his  '  Atlas  Tni- 
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other  worksof  the  same  nature  but  of  narroTver  range,  allof  \\hich  met 
Avilh  great  success.  As  early  as  1830  M.  van  der  Maelen  founded, 
■with  a  view  to  the  i^rei^aration  and  publication  of  his  works,  a 
building  known  as  the  "  Etabliijsement  geographique  de  BruxeUes," 
whichnotonlyaccommodated  the  editorial  and  operative  staff  necessary 
for  carrying  out  the  ideas  of  its  founder,  but  also  furnished  a  resting- 
place  for  numerous  collections,  serving  to  illustrate  the  natural  pro- 
ductions of  various  countries ;  and  to  such  an  extent  was  the  impor- 
tance of  these  illustrations  recognized  that  the  Establishment  even 
sent  collectors  to  Mexico,  Australia,  and  other  places,  in  search  of 
botanical  specimens.  M.  van  der  Maelen  became  a  Fellow  of  this 
tSocifity  in  1835.  He  does  not  appear  to  have  ever  written  upon 
geological  subjects  ;  but  his  maps,  especially  those  of  Europe  and 
Belgium,  are  of  great  value ;  and  of  the  latter  the  "  Carte  des  Con- 
cessions houilleres  de  Belgique  "  and  the  "  Carte  des  Charbonnages 
des  environs  de  Charleroi,"  published  by  the  "  EtabHssement "  in 
1862  and  18(55,  may  be  regarded  as  geological  works.  M.  van  der 
Maelen  died  on  29th  May,  1869. 

Our  list  of  Foreign  Correspondents  has  sustained  only  a  single  loss 
during  the  past  year ;  but  this,  unfortunately,  is  of  one  of  its  most 
honourable  names,  Fran^-ois  Jules  Fictet. 

PiCTET  was  born  in  Geneva  on  the  27th  September,  1809.  He  took 
his  degree  of  Bachelor  of  Sciences  at  Geneva  in  1829,  and  in  1830 
paid  a  visit  of  six  months  to  Paris,  where  he  made  the  acquaintance 
of  the  great  French  zoologists  of  that  day — Cuvier,  Geoflfroy  Saint- 
Hilaire,  Diimeril,  Flourens,  Latreille,  and  "\  ictor  Audouin.  His 
intimacy  with  Audouin,  no  doubt,  had  much  to  do  with  the  direction 
Avhich  his  studies  took  on  his  return  to  Geneva,  when  he  turned  his 
attention  almost  entirely  to  Entomology,  and  especially  to  the  study 
of  the  Xeuroptera,  upon  which  he  published  several  valuable  memoirs 
between  1832  and  1845. 

The  most  important  of  his  Avritings  upon  this  department  of 
Natural  History  are  :-^his  '  Kecherches  pour  servir  a  I'Histoire  ct  a 
I'Anatomie  des  Phryganides,'  a  quarto  volume  of  240  pages,  illus- 
trated with  20  i)lates,  published  in  1834,  which  received  in  1832  the 
prize  founded  at  Geneva  by  Lady  Davy,  after  the  death  of  her  hus- 
band in  1829 ;  and  the  commencement  of  an  '  Histoire  naturelle, 
generale  et  particuliere  des  Insectes  Nevropteres,'  of  which  he 
completed  only  two  monographs  (of  the  Perlidae  and  Ephemeridse), 
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published  respectively  iu  1842  and  1845.  Theso  two  moaographs 
alone  oocupy  more  than  700  large  8vo  pages,  and  are  iUiistrated 
•with  100  plates,  the  drawings  for  which  were  made  by  the  author 
himself. 

In  ly30,  under  Professor  A.  P.  Do  Caadolle,  Pictet  commenced 
giving  demonstrations  in  comparative  anatomy  in  illustration  of 
the  Professor's  lectures  ;  and  this  practice  he  continued  until  1835, 
when  the  elder  De  Candolle  resigned  the  Professorship  of  Natural 
History,  and  its  duties  were  divided — Alphonse  De  Candolle  taking 
the  Botanical  Chair,  while  Pictet  was  nominated  to  the  Professorship 
of  Zoology.  Of  his  success  in  this  new  position,  M.  Soret,  from  whose 
memoir  of  Pictet  the  materials  for  this  notice  are  derived,  speaks  in 
the  most  enthusiastic  terms.  His  general  course  included  com- 
parativo  anatomy,  physiology,  and  zoology,  and  occupied  two  years ; 
but  in  each  term  he  also  gave  a  special  course  upon  some  particular 
subject,  such  as  embryogony,  or  teratology,  or  upon  some  particular 
class  of  animals. 

After  the  revolution  of  1846  the  Academy  of  Geneva  was  recon- 
structed ;  and  although  Pictet  retained  his  Chair,  his  duties  were 
somewhat  modified.  The  course  of  human  anatomy  and  physiology 
•was  handed  over  to  M.  Mayor,  and  some  departments  of  zoology  to 
the  celebrated  German  naturalist,  Carl  Vogt,  who  was  at  that  time 
compelled  to  take  refuge  in  Geneva.  From  1847  to  1850,  through 
the  stormy  period  following  the  revolution,  when  political  feeling  in 
Geneva,  as  elsewhere,  ran  very  high,  Pictet  occupied  the  honourable 
position  of  Eector  of  the  Academy  of  Geneva ;  and  it  was  largely  due 
to  his  moderation  and  sound  practical  sense  that  the  reconstruction 
of  the  Academy  was  judiciously  effected,  and  the  rancour  of  political 
feeling  prevented  from  having  too  much  influence  upon  the  fate  of 
some  of  his  colleagues.  He  was  Rector  of  the  Academy  again  from 
1866  to  1868,  and  from  1863  to  1869  a  member  of  the  Council  of 
the  Federal  Polytechnic  School  at  Ziirich. 

In  1863  he  was  elected  a  Foreign  Correspondent  of  the  Geological 
Society. 

Besides  zealously  performing  his  academical  duties,  Pictet  fre- 
quently gave  lectures  to  general  audiences  upon  natural- history 
subjects  ;  and  in  these,  as  in  his  academical  courses,  he  was  eminently 
successful.  But,  according  to  il.  Soret,  "  it  was  not  so  much  by  his 
lectures,  whatever  may  have  been  their  merit,  as  by  more  familiar 
instruction  that  Pictet  influenced  studious  young  men.  He  collected 
the  students  in  the  Zoological  laboratory  of  the  Museum,  gi'S'ing  them 
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practical  demonstrations  of  his  lectures,  encouraging  tlieni  to  dissect 
for  themselves,  and  to  make  anatomical  preparations  for  the  col- 
lections," or  he  made  excursions  with  them  into  the  surrounding 
country  in  search  of  natural  objects  of  interest.  Thus,  by  precept 
and  example,  Pictet  was  the  means  of  raising  in  Geneva  a  school  of 
energetic  young  naturalists,  some  of  whom,  especially  the  late 
Edouard  Claparede,  have  taken  a  very  high  place  among  the  culti- 
vators of  science. 

The  improvement  of  the  iluseum  of  Natural  History  at  Geneva 
was  a  constant  object  with  Pictet.  As  a  student  he  devoted  his 
energies  to  its  enrichment  and  arrangement ;  throughout  the  whole 
period  of  his  Professorship  he  laboured  incessantly  for  the  same 
purpose ;  and,  as  il.  Soret  says,  in  its  present  state  the  Museum  may 
bo  regarded  as  his  work.  He  added  to  the  collections  by  large  gifts 
of  specimens,  and  sometimes  by  assigning  to  it  the  proceeds  of  a 
course  of  pubhc  lectures,  or  of  the  sale  of  some  of  his  works.  The 
palaeontological  collection  was  entirely  created  by  him ;  and  his  Cre- 
taceous fossils,  which  he  kept  by  him  for  the  purposes  of  study,  will 
eventually  be  added  to  the  other  collections.  Under  Pictet's  manage- 
ment, and  partly  by  his  influence,  a  new  building  was  prepared  for 
the  reception  of  the  collections  of  the  Museum ;  this  was  barely 
finished,  and  the  removal  of  the  specimens  had  only  just  commenced, 
at  the  time  of  his  death. 

In  carrying  on  the  business  of  the  various  scientific  Societies  of 
his  native  city  our  late  Foreign  Correspondent  also  took  an  energetic 
part.  He  was  an  active  member  of  the  Societe  de  Physique  et 
d'Histoire  Xaturelle  de  Geneve,  of  the  Societe  pour  I'Encouragement 
des  Arts,  and  of  the  Geneva  section  of  the  Societe  Helve'tique  des 
Sciences  Naturelles.  To  the  sections  of  Xeuchatel,  Zurich,  and  the 
Pays  de  Yaud  he  also  belonged  as  an  Honorary  Member.  Of  the 
first-mentioned  Society  he  was  President  in  1859-60 ;  and  in  the 
second  he  was  three  times  called  upon  to  occupy  the  position  of 
President  of  the  section  of  Fine  Arts. 

In  the  midst  of  his  scientific  and  academical  labours  Pictet  found 
time  and  energy  to  fill  a  tolerably  prominent  political  place  among 
his  fellow- citizens.  He  was  for  many  years  a  member  of  the  Eepre- 
sentative  Council  of  Geneva,  in  which  he  remained  through  the 
revolution  of  1846.  In  1862  he  was  elected  President  of  the  Con- 
stituent Assembly  of  Geneva.  Before  this,  he  had  already  been 
mixed  up  with  the  general  politics  of  Switzerland,  having  been  sent 
in  1855  as  a  Deputy  to  the  Council  of  States  of  the  Federal  Assembly 
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at  Berne.  This  position  lie  seems  to  have  retained  to  the  last ;  for 
it  was  while  attending  the  sittings  of  that  body  during  the  revision 
of  the  J*'ederal  Constitution  in  the  winter  of  1871-72  that  he  met 
■with  an  accident  which  must  he  regarded  as  the  proximate  cause  of 
his  death.  "When  walking  in  one  of  the  streets  of  Berne  on  the  20th 
J  anuaiy,  1872,  he  shpped  upon  the  ice  of  the  pavement,  and,  in  a 
violent  effort  to  save  himself  from  falling,  ruptured  a  blood-vessel  in 
his  thigh.  His  health  had  previously  suffered  owing  to  severe 
attacks  of  sciatica ;  these  now  returned  with  increased  violence,  and 
the  extravasation  of  blood  from  the  ruptured  vessel  was  also  serious; 
but  after  a  time  Pictet  was  able  to  return  to  Geneva,  where  his 
health  seemed  to  improve  a  little ;  but  when  his  friends  were  begin- 
ning to  rejoice  in  this  amelioration,  a  putrid  fever  set  in,  and  carried 
him  off  within  three  days.  He  died  on  the  15th  March,  1872  ;  and 
M.  Sorct  says  that  in  Cicneva  his  death  was  regarded  as  a  public 
misfortune. 

It  is  as  a  pala?ontologist  that  Frangois  Jules  Pictet  chiefly  interests 
us.  It  is  impossible  now  to  ascertain  precisely  what  turned  his 
mind  from  its  early  entomological  predilections,  and  caused  him  for 
nearly  thirty  years  to  devote  almost  all  his  energies  to  palseontological 
studies.  Perhajw,  as  M.  Sorct  suggests,  the  death  of  several  ento- 
mologists with  whom  he  was  in  constant  correspondence,  and 
especially  that  of  his  friend  Audouin,  may  have  deprived  his 
entomological  work  of  much  of  its  charm  ;  perhaps  the  view  of  the 
larger  questions  opened  to  his  mind  by  the  study  of  palaeontology 
may  have  led  him  captive  almost  in  spite  of  himself.  Among  his 
early  papers  there  is  only  one  of  a  palseontological  natui-e,  namely  a 
note  on  the  bones  of  fossil  bears  found  in  a  cavern  near  Mialet, 
communicated  in  1833  to  the  Societe  de  Physique  ct  d'Histoire 
Katurelle  de  Geneve ;  and  we  may  therefore  easily  understand  that 
the  publication  by  Pictet  in  1844-4G  of  his  '  Traite  ele'mentaire  de 
Paleontologie '  excited  some  surprise  in  the  minds  of  the  geologists 
of  that  time.  This  work  consisted  of  four  volumes,  with  an  atlas 
of  plates.  The  plan  of  it  probably  originated  in  Pictct's  mind  when, 
after  having  made  fossils  the  subject  of  one  of  his  special  courses  of 
lectures,  he  began  to  refer  to  them  more  and  more  in  his  regular 
course.  The  want  of  some  handbook  of  paleontology  for  the  use  of  his 
students  must  soon  have  forced  itself  upon  him;  and  he  seems  to  have  at 
once  set  about  the  preparation  of  such  a  work.  As  in  this  book  he  did 
not  confine  himself  to  indicating  the  general  characters  of  the 
systematic  groups  under  which  fossil  organisms  may  be  arranged, 
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and  their  broad  distribution  in  the  series  of  fcssiliferous  strata,  but 
aimed  at  giving  the  characters  and  stratigraphical  range  of  all  the 
known  genera  and  species  of  fossil  animals  and  plants,  it  is  clear 
that  even  thirty  years  ago  he  undertook  no  light  task ;  and  yet  the 
manner  in  which  it  was  performed  was  such  that  his  '  Traite  elemcn- 
taire'  at  once  took  its  place  as  a  standard  work.  A  second  edition 
of  this  book  was  published  in  1853-57 ;  and  although  it  is  now 
necessarily  somewhat  antiquated,  we  possess  no  work  on  general 
pahEontology  that  can  be  said  to  approach  it  in  any  way. 

The  '  Traite  de  Paleontologic  "  is  especially  interesting,  not  only 
as  showing  by  the  uniformity  of  treatment  of  the  various  groups  how 
wide  was  the  range  of  its  author's  knowledge  and  sympathies,  but 
also  as  giving  us  our  chief  evidence,  with  the  exception  of  one  or  two 
review  articles,  of  the  attitude  taken  by  Pictet  with  respect  to  the 
great  natural-history  question  of  our  day,  that  of  the  origin  of 
species.  This  subject  is  referred  to  in  the  introductory  chapter  of 
the  work ;  and  in  the  first  edition  we  find  Pictet  adopting  as  the 
most  satisfactory  hypothesis  the  doctrine  of  successive  creations, 
recognizing,  however,  that  there  are  many  facts  which  seem  incon- 
sistent with  that  doctrine,  and  admitting  that,  in  some  cases,  groups 
of  nearly  allied  species  may  have  originated  by  the  modification  of 
the  descendants  of  a  preexisting  form.  In  the  second  edition  of  his 
book  Pictet  goes  a  step  further  and  adopts  an  hypothesis  of  a  gradual 
transformation  of  species,  as  parallel  to,  and  apparently  of  equal 
force  with,  that  of  successive  creations,  or,  as  he  now  calls  it,  the 
'^ independence  of  Faunas."  "Perhaps,"  he  saj's,  "we  must  seek 
the  truth  in  a  theory  intermediate  between  those  we  have  discussed, 
or  in  a  mixture  of  the  two.  The  theory  of  independence  of  faunas 
should  probably  be  applied  to  the  appearance  of  distinct  types ;  for 
these  certainly  do  not  originate  by  means  of  direct  and  normal 
generation  from  the  very  different  types  which  preceded  them.  But, 
on  the  other  hand,  may  not  the  replacement  of  species  by  analogous 
species  lead  us  to  believe  in  transitions  and  changes  of  form  within 
certain  limits  ?  " 

In  an  article  on  Mr.  Darwin's  '  Origin  of  Species,'  published  in 
1860,  Pictet  further  develops  his  views  on  this  subject  as  follows  : — • 
"I  have  always,"  he  says,  "regarded  the  succession  of  organized 
creatures  as  under  the  influence  of  two  forces.  One,  which  I  shall 
name  normal  generation,  is  that  which  acts  before  our  eyes,  produces 
the  resemblance  between  children  and  parents,  and  ensures  the  per- 
manence of  the  species  through  numerous  successive  generations,  but 
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nevortlieless  implies  and  permits  certain  variations  which  the  study 
of  the  existing  world  abundantly  shows  us.  I  believe  that  the  long 
series  of  geological  times  may  have  given  this  a  little  more  influence, 
and  enabled  it,  by  the  accumulation  of  analogous  results,  to  originate 
several  nearly  allied  species  from  a  single  one.  The  second,  which  I 
shall  call  creative  force,  acted  at  the  origin  of  things  to  produce 
directly  a  varied  and  abundant  fauna  ;  and  its  action,  manifested  at 
distant  intervals,  has  successively  brought  to  light  those  distinct  types 
the  existence  of  which  paltCoutology  teaches  us."  il.  Soret  seems  to 
be  of  opinion  that  Pictet  had  advanced  considerably  beyond  this 
standpoint  in  his  later  years,  but  stutes  that  he  always  maintained 
that  natural  selection  alone  does  not  suffice  to  explain  the  facts 
with  which  we  are  acquainted ;  and  in  the  concluding  paragraph  of 
a  review  of  Gaudry's  '  Animaux  fossiles  et  Geologic  de  I'Attique  " 
Pictet  himself  says  "  if  the  transformations  should  once  be  proved  in 
their  universality,  we  should  prefer  to  believe  that  they  are  dej^endent 
upon  general  laws  established  ever  since  the  creation,  and  acting, 
perhaps,  with  a  periodicity  which  is  unknown  to  us." 

It  was  not,  however,  with  these  general  questions,  which  he 
evidently  did  not  consider  ripe  for  discussion,  that  Pictet  chiefly 
occupied  himself.  In  the  pi'csent  condition  of  natural  history  he 
regarded  the  accumulation  of  facts  as  the  most  important  duty  of 
the  palaeontologist ;  and  he  certainly  took  up  this  department  with 
immense  energy  and  success.  His  investigations  were  directed 
chiefly  to  the  fossils  of  the  Jurassic  and  Cretaceous  deposits  of  his 
native  country ;  and  his  researches,  the  results  of  which  his  affluent 
fortune  enabled  him  to  publish  in  the  most  perfect  form,  have  cer- 
tainly enriched  our  science  with  a  multitude  of  species,  well  described 
and  figured. 

Pictet's  earliest  pala}ontographical  work  of  importance  was  the 
*'  Description  des  MoUusques  fossiles  qui  se  trouvent  dans  les  gres 
verts  des  environs  de  Geneve,"  published  originally  in  the  '  Memoires 
de  la  Societe  de  Physique  et  d'Histoire  Xaturelle '  between  184G  and 
1854,  and  afterwards  as  a  separate  work  under  the  above  title.  In 
it  the  Cephalopoda  are  described  by  Pictet  alone ;  in  the  working 
out  of  the  Gasteropoda  and  Acephala  he  associated  himself  with 
M.  AV.  Eoux. 

Encouraged  by  the  good  reception  accorded  to  this  work,  Pictet  in 
1854  commenced  the  publication  of  his  '  Materiaux  pour  la  Paleon- 
tologie  Suisse,'  consisting  of  a  scries  of  monographs  of  Swiss  fossils, 
prepared  generally  by  himself,  with  the  cooperation  of  certain  of  his 
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friends  and  pupils,  such  as  M3I.  Renevier,  Gaudin,  de  la  Harpe,  A. 
Humbert,  de  Loriol,  and  Campiche.  It  is  unnecessary  to  discuss 
in  detail  the  contents  of  this  great  and  important  series  of  memoirs, 
in  which  Pictec  seems  to  have  endeavoured  single-handed  to  do  for 
Switzerland  what  the  Palasontographical  Society  is  doing  for  this 
country.  The  extent  of  ground  covered  by  the  two  works  just 
referred  to  will  be  best  understood  from  the  statement  that  they 
contain  3310  quarto  pages  of  text,  and  370  plates  of  illustrations. 
They  relate  exclusively  to  the  Jurassic  and  Cretaceous  fossils  of 
Switzerland,  and  have  made  known  to  us  a  reptilian  and  moUuscau 
fauna  the  richness  and  interest  of  which  were  previously  not  even 
suspected  by  geologists. 

After  these  gigantic  palseontographical  works  it  is  hardly  necessary 
to  refer  to  the  other  writings  of  Pictet  on  kindred  subjects,  although 
these  were  neither  few  nor  unimjiortant.  The  most  valuable  of  these 
papers  were  collected  and  published  together  under  the  title  of '  Me- 
langes Paleontologiques '  between  1863  and  186S;  these  consist 
chiefly  of  notes  upon  certain  groups  of  fossils  from  parts  of  France 
on  the  borders  of  Switzerland, 


lu  the  session  of  1868,  I  had  the  honour  of  contributiug  to  the 
Society  a  paper  on  the  Physical  Geography  of  Argyllshire,  in  which 
I  ventured  to  contest  the  views  put  forward  by  the  younger  school 
of  glacialists  in  assigning  a  very  subordinate  and  almost  trifling 
power  to  subterranean  causes  in  moulding  the  existing  surfaces  of 
the  earth.  The  argument  maintained  in  that  paper  received  in  the 
verbal  discussion  which  ensued  a  considerable  amount  of  support 
from  Sir  Eoderick  Murchison  and  from  Sir  Charles  Lyell;  and, 
although  strongly  opposed  by  Professor  Ramsay,  so  far  as  I  am  aware, 
that  argument  has  not  been  met  by  any  answer  in  detail.  But  the 
increased  and  increasing  attention  which  is  given  to  all  questions  of 
quaternary  geology,  and  especially  to  the  causes  and  to  the  effects 
of  the  Glacial  period,  has  produced  since  1868  numerous  papers 
bearing  on  the  subject ;  and  having  myself  had,  since  that  year,  some 
more  extended  opportunities  of  observation,  I  am  induced  to  revert 
to  the  subject,  with  the  view,  if  possible,  of  extracting  from  facts 
generally  admitted  some  general  principles  which  may  guide  our 
reasonings  on  the  subject. 

If  I  may  judge  from  a  paper  lately  contributed  by  Professor  Eamsay 
to  '  Macmillan's  Magazine,'  upon  the  valley  of  the  Po,  and  from  the 
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receut  discussion  on  Mr.  J.  F.  CampbelFs  very  interesting  paper  on 
the  Grlaciation  of  Ireland,  its  eems  to  be  admitted  by  Professor 
Eamsay  that  no  larger  amount  of  work  can  be  assigned  to  the  gla- 
ciers of  the  Glacial  epoch  than  that  of  greatly  deepening  valleys  AAhich 
had  existed  before.  If  this  be  admitted,  then  the  question  of  the 
effects  of  glacial  denudation  in  determining  the  existing  configuration 
of  the  surface  of  the  earth  becomes  a  comparatively  narrow  question. 
The  existence  of  a  glacial  epoch,  at  least  over  a  large  part  of  the  nor- 
thern hemisphere,  which  in  its  coming,  its  duration,  and  its  passing 
away,  has  been  the  latest  of  the  great  agencies  of  change,  is  perhaps 
one  of  the  most  firmly  established  doctrines  of  geological  science. 
And  if  it  be  admitted  on  the  one  hand,  that  when  that  period  began 
it  found  the  existing  systems  of  hUl  and  vaUey  in  the  main  deter- 
mined, it  must  also  be  admitted  on  the  other  hand,  that  it  cannot 
have  left  them  exactly  as  it  found  them.  The  intensity  given  to 
denuding  agencies  by  frost,  or  rather  by  the  alternations  between 
frost  and  thaw,  is  well  kno\Mi  to  be  enormous  ;  and  it  is  impossible 
that  a  glacial  period  should  have  come  on,  should  ha-\e  endured  for 
a  long  period  of  time,  and  shoiUd  have  gradually  given  way  to  a 
more  genial  climate,  without  having  left  upon  the  preexisting  sur- 
face powerful  and  lasting  effects.  But  the  conclusion  that  the 
Glacial  epoch  deepened  within  certain  limits  preexisting  valleys, 
degraded  to  a  like  extent  preexisting  hdls,  filled  up  estuaries  with 
moraine  matter  or  with  sand  and  gravel,  or  covered  a  great  extent 
of  country  with  a  Boulder-clay — all  this  is  -very  different  from  the 
conclusion  that  our  existing  systems  of  hill  and  valley,  and  even  of 
sea  and  coast,  have  been  all  cut  out  of  the  soUd  by  some  great  ice- 
sheet  of  enormous  thickness,  which  was  quite  independent  of  local 
glaciers  and  which  did  not  derive  either  the  cause  or  the  direction 
of  its  motion  from  the  mountains  A\hich  we  now  see.  Such,  as  I 
imderstand  it,  is  the  new  glacial  theory,  which  is  more  or  less 
clearly  implied,  and  apparently  almost  taken  for  granted,  in 
numerous  recent  papers  on  the  subject. 

This,  however,  is  one  of  the  many  questions  on  which  the  con- 
clusions of  geology  are  being  corrected  and  controlled  by  the  results 
attained  in  other  branches  of  physical  inquiry.  It  has  been  well 
pointed  out  by  Professor  T}iidall*  that  glacial  conditions  require  in 
the  first  place  an  enormous  development  of  heat,  and  in  the  second 
place  a  corresponding  development  of  high  and  cold  condensing 
surfaces.  This  admirable  generalization  seems  to  condemn  any 
*  P^orms  of  Water,"  1872. 
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theory  which  supposes  the  uuivei'sal  prevalence  of  extreme  cold 
o\'er  the  surface  of  the  globe,  aud  Ulcewise  any  theory  which  fails 
to  recognize  that  mouutaiu-chaius  are  the  cause  aud  not  the  couse- 
queuce  of  glacial  conditions.  Existing  facts  confirm  these  theo- 
retical conclusions.  There  are  two  vast  regions  of  the  globe  which 
are  now  under  a  glacial  epoch.  It  is  constantly  assumed  by 
glacialists  that  the  condition  of  these  two  regions  in  the  present 
day  affords  examples  of  the  conditions  which  they  suppose  to  have 
existed  in  the  times  referred  to;  Grreenland  especially  is  often 
quoted  as  presenting  phenomena  of  the  kind  supposed ;  but  I 
am  not  aware  of  any  evidence  which  bears  out  this  assumption. 
Greenland  is  a  high  mountain-country,  covered  more  or  less  com- 
pletely with  snow.  But  it  does  not  appear  to  be  a  country  covered 
with  an  ice-sheet  moving  freely  over  the  tops  of  the  mountains,  in 
directions  irrespective  of  their  slopes  and  valleys.  I  am  not  aware 
of  any  evidence  to  show  that  in  either  the  Arctic  or  the  Antarctic 
regions  any  such  ice-sheet  now  exists.  On  the  contrary,  there  seems 
to  be  abundant  evidence  that  both  the  great  continents  of  the  globe 
which  are  now  subject  to  Arctic  conditions  present  precisely 
the  same  features  as  those  presented  by  eveiy  mountain-chain  high 
enough  to  support  a  glacier  system.  In  both  of  them  there  are 
lofty  mountains  to  form  the  gathering-ground  of  snow,  with  steep 
decli\T.ties  to  account  for  the  causes  of  glacier-motion,  and  with 
valleys  to  control  and  guide  it.  Dr.  Kane,  whose  powerful  descrip- 
tions of  the  magnificent  phenomena  presented  by  the  west  coast  of 
Grreenland  are  well  kno\v^  gives  emphatic  testimony  to  their  sub- 
stantial identity,  differing  in  scale  only,  vith  the  glacier-phenomena 
of  the  Alps.  The  shape  of  the  hills  is  everywhere  determining  the 
shape  of  the  ice-streams ;  and  only  in  a  minor  degree,  and  as  a 
secondary  consequence,  are  the  ice-streams  modif\dng  the  shape  of 
the  hills.  Great  valleys,  or  sweeping  hollows,  marked  by  containing 
walls  and  buttresses  of  rock  frequently  piercing  the  perpetual  snows, 
bound  and  define  the  glaciers  towards  the  coast ;  and  as  far  as  the 
eye  can  reach  to  the  lofty  summits  of  the  interior,  the  surfaces  of  the 
ice  and  snow  give  evidence  by  every  variety  of  form  of  the  underly- 
ing slopes  and  precipices  upon  which  they  are  moulded,  and  over 
which  they  are  slowly  slipping  to  the  sea.  Moi*eover  the  ocean- 
sounds  into  which  they  fall  at  last,  and  which  they  people  with  a 
stately  procession  of  enormous  icebergs,  are  channels  hdng  between 
coasts  whose  general  trend  is  at  right  angles  to  the  direction  of 
the  ice-streams  which  cut  them.     Those  lines  of  coast  must  there- 
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fore  have  been  determined  by  other  causes ;  and  the  boundaries 
of  the  laud,  which  are,  of  course,  inseparably  connected  with  its 
elevation,  and  with  the  general  contours  of  its  surface,  are  seen 
to  be  equally  independent  of  the  comparatively  superficial  work 
done  by  the  snow  which  gathers  upon  its  tops,  and  which  is  shed 
from  its  sides. 

The  same  phenomena,  only  on  a  still  grander  scale,  are  presented 
on  the  northern  face  of  the  great  Antarctic  contiueut,  which  was 
discovered  by  Sir  James  Boss.  There,  indeed,  the  presence  of 
enormous  volcanic  cones,  in  full  acti\ity,  gives  still  more  strildng 
and  emphatic  testimony  to  the  close  proximity  of  the  gi'eat  sub- 
terranean forces  with  which  elevations  and  subsidences  of  the 
earth's  crust  are  inseparably  connected.  An  immense  chain  of 
mountains,  A^ith  innumerable  peaks  from  9,000  to  14,000  feet 
in  height,  fringes  the  South  Polar  horizon  for  many  hundred  miles, 
and  is  the  vast  gathering-ground  of  snows  and  glaciers  of  corre- 
sponding magnitude  and  extent.  The  breadth  and  conformation  of 
the  country  which  hes  between  the  mountains  and  the  coast,  and 
which  determines  the  pecidiar  unbroken  tabular  form  of  the 
"  Great  Southern  Barrier "  is  not  absolutely  knoA^ni.  But  the 
general  character  of  the  whole  as  the  result  of  the  formation  and 
descending  movement  of  true  mountain-glaciers,  becommg  con- 
fluent along  the  foot  of  the  range,  cannot  be  better  indicated 
than  in  the  description  given  by  Sir  J.  Boss  of  the  scene  which 
the  coast  presented  on  one  of  the  last  days  on  which  it  was  clearly 
seen,  February  25,  1841 .  "  "We  had  in  the  afternoon  a  good 
view  of  the  coast.  The  whole  of  the  land  being  perfectly  free  from 
cloud  or  haze,  the  lofty  range  of  mountains  appeared  projected  upon 
the  clear  sky  beyond  them,  beautifully  defined  ;  and  although  of  ji_ 
jpotless  white,  -n-ithout  the  smallest  patch  of  exposed  rock  through- 
out its  whole  extent  to  relieve  it,  yet  the  irregularities  of  the  sur- 
face, the  numerous  conical  protuberances,  and  inferior  eminences, 
and  the  deeply  marked  valleys,  occasioned  many  varieties  of  liglit 
and  shade  that  destroyed  the  monotonous  glare  of  a  white  surface, 
but  to  -which  it  is  so  very  difficult  to  give  expression  either  by 
pencil  or  description.''  Sir  J.  Boss  does  injustice  to  his  ot\u 
powers.  Xo  artist's  pencil  could  bring  more  vividly  before  us  the 
magnificent  scene  then  before  him.  It  enables  us  to  be  certain  at 
a  glance  that  no  great  ice-sheet  covers  up  and  conceals  the  moun- 
tains of  the  Antarctic  continent.  They  are  indeed  covered  by  deep 
snows,  but  bv  sr.ows  which  are  moulded  bv  the  terrestrial  surfaces 
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below  them — -nliich  surfaces  -n-ere  determmed  before  those  snows 
had  begun  to  fall,  and  to  the  minutest  inequalities  of  which  the 
snowy  covering  conforms — "  clingmg "'  as  Tennyson  describes  the 
mist  in  '  Guinevere,'  "  clinging  Hke  a  face-cloth  to  the  face."  The 
ice-sheet  which  exists  below  is  simply  the  confluent  glaciers  which 
are  formed  in  the  old  terrestrial  hollows,  and  whose  motion  is 
due  to  the  steepness  of  the  old  terrestrial  hills.  "Where  these  hills 
are  of  great  elevation  the  ice-sheet  is  deep ;  -nhere  they  are  lo^A• 
the  ice-sheet  is  comparatively  thin  (Voyage  of  Sir  J.  Eoss,  vol.  i. 
p.  2-57).  AYhen,  in  the  following  year.  Sir  J.  Eoss  again  approached 
the  Great  Southern  Barrier  at  a  point  far  distant  to  the  eastward, 
he  specially  observes  that  its  perpendicular  cliffs  had  d-nindled  down 
to  less  than  half  the  elevation  to  which  they  attained  at  the  foot  of 
Moimt  Terror  (vol.  ii.  p.  201).  And  when,  at  the  close  of  the  same 
year.  Sir  J.  Eoss  again  approached  the  southem  continent  in  a  much 
lower  latitude,  to  the  south  of  Cape  Horn,  he  tells  us  of  an  enor- 
mous glacier  several  miles  in  breadth,  which  descended  from  an 
elevation  of  about  1200  feet  into  the  ocean  from  a  small  but  lofty 
island ;  and  the  vertical  cHff  which  it  presented  to  the  sea  was  at 
once  recognized  as  the  same  phenomenon  in  miniature  A^ith  the 
Great  Southern  Barrier  (vol.  ii.  p.  32-5). 

From  observations  such  as  these  we  may  be  assured,  I  think,  of  the 
truth  of  the  theoretical  conclusion  that  lofty  mountain-chains,  ^ith  all 
their  characteristic  varieties  of  surface,  must  in  all  ages  and  in  all  parts 
of  the  globe  have  preceded  the  development  of  glacial  conditions, 
and  that  in  those  chains  the  unequal  elevations  and  depressions 
which  are  the  work  of  subterranean  force  have  ever  been  the 
guiduig  and  controlling  cause  of  glacial  action  ;  and  it  is  well  worthy 
of  remark  that  if  there  is  any  truth  in  the  idea  of  the  existence  of 
an  open  north  polar  sea  enjoying  milder  conditions  than  prevail 
further  south,  there  is  every  reason  to  suspect  and  to  believe  that 
these  milder  conditions  are  due  to  no  other  cause  than  the  absence 
of  land  with,  high  mountain-chains. 

No  doubt,  when  glacial  conditions  have  been  developed,  the  move- 
ment of  masses  of  ice  which  is  due  to  their  descent  down  steep 
declivities  is  of  a  powerfully  abrading  character  upon  the  sur- 
faces which  are  exposed  to  their  passage.  But,  on  the  other  hand, 
the  protection  which  a  universal  covering  of  snow  upon  the  highest 
surfaces  affords  against  the  other  agencies  of  denudation  must  be 
very  considerable,  and  fully  explains  the  contrast  remarked  upon  by 


K 


32  PaOCEEDIXGS  OF  THE  GEOLOGICAL  SOCIETY. 

\x         Professor  Tyudall*  bstweaa  the  broken  and  splintered  aspect  of  the 
jV-^  rocks  and  peaks  which  ha^-e  risen  above  the  ancient  glaciers  in  the 

Alps,  and  the  smooth  and  polished  surfaces  which  were  below  the 
ice  and  have  been  thus  protected  against  every  other  destructive 
agency  than  its  own.  So  far  as  I  am  aware  there  is  no  evidence 
that  snow  can  scratch  rocks  or  that  it  can  do  so  even  in  the  half 
consohdated  state  ■\^-hich  is  kno^\-n  in  the  Alps  under  the  name  of 
Neve  ;  yet  this  must  be  the  condition  of  a  large  part  of  the  sn^^vy 
country  on  the  higher  levels  of  Grreenland  and  of  Victoria  Land, 
seems  probable,  indeed,  from  every  description  of  Arctic  and 
Antarctic  phenomena,  that  the  destruction  which  is  now  being 
effected  in  those  regions  of  the  globe  is  much  greater  upon  the  rock- 
surfaces  which  rise  above  the  glaciers,  or  which  are  not  directly 
exposed  to  them  at  all,  than  upon  the  surfaces  over  which  they 
pass.  The  rate  of  disintegration  upon  naked  rocks  which  are  ex- 
posed to  alternate  frost  and  thaw,  and  especially  upon  the  cliffs 
which  front  the  coast,  seems  to  be  enormous ;  and  in  cases  where 
the  subjacent  material  is  so  soft  or  so  broken  up  as  to  be  capable 
of  being  lifted  by  ground-ice  and  incorpoi*ated  in  the  body  of  a 
passing  glacier,  the  removal  of  material  may  also  be  very  great. 
But,  on  the  whole,  I  am  inclined  to  think,  ^\■ith  my  distinguished 
predecessor  in  this  Chair,  that  the  power  of  denudation,  whether 
from  ice  or  from  other  agencies,  "  is  a  power  of  planing  down 
exposed  surfaces  rather  than  that  of  excavating  very  deep  troughs." 
(Address,  1872,  pp.  60,  61.)  The  preexistence  of  valleys  and 
hollows  for  the  accumulation  of  the  ice  necessary  to  the  formation 
of  a  glacier  seems  as  necessary  as  the  preexistence  of  the  summits 
which  condense  and  collect  the  snows.  But  when  such  hollows 
and  raviaes  have  once  been  formed,  and  after  they  have  come  to 
be  thus  occupied,  there  can  be  no  doubt  that  they  must  be  cut 
deeper,  vrith.  a  rapidity  proportioned  to  then-  o\ni  initial  depth, 
which  is  the  measure  of  the  occupying  mass,  and  to  the  steepness 
of  their  descent,  which  is  the  measure  of  the  rapidity  of  the  move- 
ment. But  in  every  one  of  these  matters  the  governing  conditions 
are  those  which  precede  glacial  denudation,  guide  it,  and  limit  its 
effects. 

And  here  I  must  observe  that  if  our  existing  systems  of  liill  and 

valley  are  indeed  due  to  glacial  action,  that  action  must  have  been 

coincident  AA'ith  the  existing  lines  of  drainage,  and  no  action  can  be 

quoted  as  proof  of  this  effect  which  has  been  transverse  to  those 

*  Forms  of  AVat^r. 
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lines,  "\'alleys  cannot  haA'e  been  cut  out  by  an  agency  which  has 
not  worlved  along  them  but  has  cut  across  them.  The  contours  of 
mountains  cannot  ha\"e  been  determiaed  by  any  force  ^hich  has 
worked  irrespective  of  the  valleys  in  which  and  out  of  which  those 
mountains  stand.  And  yet  we  hear  constantly  of  ice-marks  which 
are  totally  independent  of  the  existing  drainage — marks  which  radi- 
cate the  passage  of  masses  not  coming  from  any  existing  summit, 
and  not  travelling  douTi  any  existing  hollow.  These  masses  are 
supposed  to  have  moved  up  hill  and  down  dale,  in  some  definite 
direction  at  every  variety  of  angle  -nith  the  existing  lines  o£ 
mountain  and  of  valley.  I  am  not  now  disputing  the  accuracy 
of  these  obserA-ations.  I  have  myself  seen  marks  of  glaciation  \ 
which  certainly  did  not  seem  to  ha'\'e  been  due  to  any  local  glacier,  i 
and  I  have  no  reason  to  doubt  the  evidence  on  which  we  hear  of 
deep  and  powerful  striations  which  run  across  the  tops  or  the 
flanks  of  hills,  and  across  the  lines  of  valleys.  But  then  I  venture 
to  submit  that  these  valleys  cannot  have  been  cut  out  by  masses  of 
ice  which,  so  far  as  they  cut  at  all,  must  have  cut  in  a  different 
direction. 

In  the  iuterestiiig  and  elaborate  paper  on  the  Glaciation  of  North 
Lancashire,  which  has  lately  been  contributed  to  this  Society  by 
Mr.  Tiddeman  *,  his  conclusion  is  that,  "  whereas  the  drainage  of 
that  district  is  to  the  S.W.,  the  general  movement  of  the  ice  over  it 
was  to  the  S.  or  S.S.E.  across  deep  valleys  and  over  hills  of  con-i 
siderable  elevation."  The  drainage-system  which  has  been  thus 
traversed  by  the  ice  of  the  Grlacial  epoch  cannot  be  ascribed  to  the 
excavating  po\A-er  of  that  ice ;  and  the  description  given  in  the  same 
paper  by  Mr.  Tiddeman  leaves  no  doubt  as  to  the  deeper-seated 
causes  by  which  that  system  has  been  determined.  Its  southern 
boundary  is  put  doAMi  upon  his  map  of  the  district  as  "  The  Eossen- 
dale  Anticlinal."  Its  eastern  and  north-eastern  boundary  is  the 
Pennine  chain,  vith  peaks  bet\A'een  2000  and  2400  feet  in  elevation. 
This  high  country  is  separated  from  the  western  and  south-western 
portion  of  the  district  by  a  broad  valley  which  runs,  as  Mr.  Tiddeman 
specially  mentions,  along  "  The  Craven  Faults."  The  Eibble  runs 
along  an  anticlinal  in  Carboniferous  strata.  These  are  significant 
indications.  They  imply  that  the  coincidence  which  is  A^-antiag 
between  the  features  of  the  country  and  the  lines  of  glacial  denuda- 
tion, is  a  well  marked  connexion  between  these  features  and  the 
lines  of  subterranean  disturbance.  In  like  manner  it  appears  from  a 
"^  Quart.  Journ.  Geol.  Soc,  Nov.  1872. 
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paper  by  Mr.  Ci-oll,  in  the  '  Traus.  of  llie  Edm.  Geol.  Society'  for 
1869,  upou  ancient  river-channels  now  filled  up  by  great  depths  of 
glacial  drift,  that  the  great  depression  which  connects  the  valleys  of 
the  Clyde  and  Forth,  along  the  line  of  the  Clyde-and-Forlh  Canal, 
had  in  preglacial  times  the  same  direction  which  it  now  has,  and 
was  occupied  by  streams  which  indicate  the  same  system  of  drainage 
as  that  which  now  exists. 

I  have  already  explained  that  I  do  not  seek  to  dispute  the  fact 
that  many  marks  of  glaciatiou  are  to  be  found  which  it  is  very  dif- 
ficult or,  it  may  be,  impossible  to  connect  -s^ith  a  system  of  local 
glaciers.  This  difficulty,  however,  seems  very  often  to  be  made 
greater  than  perhaps  it  is,  by  foregone  conclusions  -with  respect  to 
a  mdversal  ice-sheet.  My  main  object,  however,  is  to  pouit  out 
that  the  gi'eater  this  difficulty  is,  the  greater  also  is  the  impossi- 
bihty  of  ascribing  to  glacial  denudation  the  existing  configuration 
of  our  hills  and  valleys.  Yet  I  cannot  but  observe,  ui  passing, 
that  there  appears  to  be  considerable  inconsistency  in  the  views  of 
those  who  dwell  most  on  the  non-local  character  of  glacial  striations. 
It  is  impossible,  for  example,  to  look  at  the  map  attached  to 
Mr.  Tiddemau's  paper  on  North  Lancashire  ^\-ithout  seeing  that 
the  striations  of  that  district,  although  they  lie  across  some  ridges 
and  some  valleys,  have  more  or  less  consistent  reference  to  the 
higher  peaks  of  the  Pennine  chain.  The  difficulty  of  course  is, 
first,  that  this  chain  may  not  be  high  enough  and  near  enough  to 
give  motion  to  a  glacier  of  such  size  as  would  be  required,  and, 
secondly,  that  it  must  have  moved  across  interveniug  hollows.  In 
one  case  IMr.  Tiddeman  mentions  scratches  which  would  imply  a 
glacier  8  miles  broad  and  750  feet  deep ;  and  this  is  a  conclusion 
which  he  considers  too  startling  to  admit ;  but  no  amount  of  breadth 
and  depth  in  ice-masses  is  considered  the  smallest  difficulty  when 
the  machinery  of  the  ice-sheet  is  called  upon  for  an  explanation 
of  similar  phenomena.  Again,  the  influence  of  the  mountain  at 
Ingleborough,  900  feet  above  the  level  of  some  scratches  to  be 
accounted  for,  and  only  7|  miles  off,  is  set  aside  as  incapable  of 
ha-sing  made  itself  felt  at  that  distance ;  but  no  difficulty  seems  to 
be  experienced  in  supposing  that  the  mountains  of  the  Scandi- 
navian peninsula  or  Greenland,  distant  from  500  to  1200  miles, 
made  themselves  felt  all  over  Scotland  and  the  north  of  England 
in  causing  the  motion  of  one  great  ice-sheet  coming  from  the  north. 

On  the  subject  of  this  theory  as  accounting  for  glaciatiou 
transverse  to  the  existinc:  vallpv-svstem  of  the  countrv,  T  cannot 


\ 


A^•^-IVEESAIlT  ADIiEEl^S  OF  HIE  PRESIDENT.  35 

help  expressing  great  doubts  as  to  the  mechanical  assumptions 
which  are  involved.  Glacier  masses  are  supposed  to  have  filled  up 
the  entire  bed  of  the  North  Sea  and  the  Grerman  Ocean,  to  have 
moved  freely  up  the  slopes  of  their  bed,  to  have  ascended  the  land 
wherever  it  was  encountered,  and  to  have  walked  up  the  escarp- 
ments of  mountains  more  than  2000  feet  high.  We  know  that 
the  descent  of  a  glacier  even  down  the  steep  declivities  of  Mout 
Blanc  is  retarded  by  such  an  enormous  amount  of  friction  that  the 
coherence  of  its  substance  is  overcome ;  the  base  of  it  is,  as  it  wei'e, 
torn  from  its  superincumbent  mass,  and  the  progress  of  the  base 

is  reduced  to  one  half  of  the  rate  at  which  the  surface  moves.   "We      U     /t~»^ 
**" —  ...  ' 

know  that  this  is  the  result  in  a  case  where  the  force  of  gravity  is      />  /       5/ 

at  its  maximum,  and  none  of  its  momentum  has  been  lost.  We  j  Je"-'^-! 
know,  also,  that  in  no  part  of  the  existing  world  is  the  phenomenon  ;/'^%*^%»^ 
presented  of  ice-streams  moAdng  for  great  distances  even  over  level 
ground,  still  less  ascending  steep  gradients,  and  this  too  at  a  great 
distance  from  the  decliA-ities  which  give  impetus  to  forward  motion. 
Mr.  CroU,  indeed,  admitting  this  fact,  accounts  for  it  by  the  allega- 
tion that  both  in  the  Arctic  and  Antarctic  regions  the  seas  are  so 
deep  that  the  power  of  flotation  is  called  into  action  close  to  the 
existing  coasts,  and  the  great  ice-sheets  thus  become  broken  up  into 
icebergs  *.  But  this  explanation  does  not  seem  to  be  consistent  with 
many  of  the  soundings  recorded  by  Sir  J.  Eoss  close  to  the  face  of 
the  most  stupendousice-sheet  now  existing  on  Jhe  globe.  On  the 
contrary,  it  appears  that  -oithin  three  or  four  miles  of  that  face 
the  sea  was  sometimes  not  deeper  than  570  feet,  whereas  Mr.  Croll 
estimates  the  Great  Southern  Ice-sheet  at  nearly  a  mile  in  thick- 
ness, or  upwards  of  5000  feet  f.  If  this  be  so,  the  Antarctic 
Ice-sheet  has  abundant  opportunity  of  moving  northwards  along  the 
bed  of  the  Antarctic  Ocean,  which  appears  from  Sir  James  Boss's 
accounts  to  be  under  2000  feet  deep  for  vast  distances  along  the 
face  of  the  icy  cliffs,  and  is  of  course  too  shallow  to  float  an  ice- 
sheet  even  approaching  the  depth  assigned  to  it  by  Mr.  Croll.  And 
although  I  cannot  keep  thinls;iug  that  this  estimate  is  much  exag- 
gerated, inasmuch  as  the  face  of  the  ice-cliff  is  nowhere  described 
by  Sir  James  Boss  as  exceeding  about  300  feet  in  height,  and  at 
the  point  where  it  was  actually  measured  was  only  150  feet  high, 
yet  this  unquestionably  represents  a  mass  of  ice  too  deep  to  be 
floated  in  the  shallower  soundings  which  were  abundant  along  the 

*  Croll,  "  Boulder-clay  of  Caithness,"  Geol.  Mag.,  June  1870. 
t  Ibid.  '.,_., 
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coast.  Afc  some  places,  between  three  aud  four  miles  from  the 
ice-cliffs,  water  was  found  as  shallow  as  246  feet ;  and  even  at 
the  great  distance  of  120  miles  the  bottom  was  reached  at  1140 
feet.  At  some  points  the  deepest  soundings  were  found  near  the 
ice-cliff,  as  where  2460  feet  was  found  AA'ithui  twelve  or  fourteen 
miles  (Januarj^  29,  1841).  But  as  even  this  depth  is  inadequate 
to  float  such  an  ice-sheet  as  Mr.  Croll  supposes  to  exist,  it  ought, 
according  to  his  theory,  to  be  moving  along  the  bottom  to  the 
northwards,  and  ascending  the  slopes  of  the  trough,  which  appear 
to  rise  into  shallower  water  to  the  north. 

I  am  not  myself  able  to  attack  the  problems  involved  iu  this  theory 
with  those  weapons  of  mathematical  calculation  which  are  necessary 
for  the  purpose ;  but  I  cannot  help  thinking  that  there  is  a  funda- 
mental fallacy  in  comparing  the  movement  of  ice-masses  do\\ai  the 
slopes  of  a  mountain  with  any  movement  of  such  masses  which  is 
possible  on  leA'el  ground  or  against  opposing  slopes.  In  the  one 
<?ase  granty  is  an  assisting,  in  the  other  case  it  is  a  resisting  force. 
In  the  one  case  the  heavier  the  mass  of  ice  the  easier  and  the  faster 
will  be  its  motion ;  in  the  other  case  every  additional  ton  must 
add  to  the  difficulty  of  effecting  movement.  In  the  one  case  thrust 
and  gravity  act  together ;  in  the  other  case  thrust  must  act  alone, 
with  gravity  and  friction  to  counteract  it.  And  then  it  must  be 
remembered  that,  in  the  case  of  mountain-glaciers,  the  thrust  itself 
is  due  to  superincumbent  weight — being  the  residt  of  the  accumu- 
lation of  snow  on  the  mountain-tops ;  whereas  it  does  not  seem 
clear  how  superincumbent  weight  upon  level  ground,  and  at  a 
distance  fi-om  mountains,  could  have  any  effect  in  producing 
horizontal  motion :  and  if  such  effect  w-ere  produced,  it  would  pro- 
bably be  expended  in  a  slipping  of  the  ice  over  itself,  rather  than 
in  any  progress  of  its  base  over  rough  and  ascending  surfaces 
of  rock.  I  have  observed  that  in  papers  involving  the  extreme 
theory  of  glaciation,  there  is  a  general  avoidance  of  any  explana- 
tion as  to  the  cause  of  motion  in  the  assumed  ice-sheet ;  and  I  have 
reason  to  believe  that  the  experiments  and  reasoning  of  Canon 
Moseley  on  the  causes  of  motion  in  ordinary  glaciers  have  left  the 
impression  on  some  minds  that  he  has  disproved  the  theory  which 
ascribes  that  motion  to  gravity.  As  this  would  be  a  merely  negative 
conclusion,  it  would  leave  room  for  unlimited  speculation  as  to  the 
causes  to  which  ice  may  owe  a  power  of  movement ;  and  the  result 
is  that  some  geologists  have  a  vague  idea  that  as  true  glaciers  do  not 
move  by  weight,  but  nevertheless  do  move  in  some  unexplained 
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manner,  so  the  supposed  ice-sheet  may  have  moved  iu  the  same 
jnysterious  ■nay.  But  I  apprehend  that  this  is  an  entire  miscon- 
ception of  Canon  Mosely's  argument :  A^hat  he  has  proved  is.  not 
that  glaciers  do  not  move  by  their  weight,  but  that  they  do  not  move 
by  weight  alone — that  is  to  say,  unaided  by  other  forces.  But  I 
apprehend,  that  the  action  of  gravity  is  an  essential  element  in  his 
theory  of  glacier  motion,  and,  moreover,  that  it  is  the  one  essential 
force  which  determines  the  direction  of  the  movement.  That  move- 
ment is  facilitated  and  rendered  possible  against  the  tremendous 
friction  of  the  bottom  ice  upon  its  bed  by  tlie  alternate  conditions 
set  up  by  variations  of  temperature  acting  on  the  molecular 
structure  of  the  ice.  But  it  would  be  altogether  illogical  to  sup- 
pose that  because  these  molecular  changes  are  able  to  overcome 
friction  when  they  are  po\\-erf  ully  assisted  by  the  gravity  of  the  mass 
l}Tng  on  a  steep  slope,  therefore  they  are  equally  able  to  overcome 
friction  with  no  such  assistance  from  gravity,  but,  on  the  contrary, 
with,  gravity  exerting  all  its  force  in  favour  of  rest  and  against  yy  ^ 
motion  of  any  kind.  —,-..--..•.-  ^  -^^^^^ 

On  these  grounds  I  see  many  difficulties  in  the  way  of  accepting      ^ 
the  theory  which  ascribes  the  glaciations  which  cannot  be  traced  to      ■' 
local  glaciers  to  some  gigantic  ice-sheet,  which  is  supposed  to  have        :■  «v«^   l^ 
moved  as  land-ice  never  moves  now  and,  as  there  is  strong  reason 
to  believe,  never   could   have  moved  at  all — that  is   to   say,  at         \  '  •^^« 
enormous  distances  from  any  mountain-slopes,  and  up  other  moun-         .»i';«j  / 
tain-slopes,  which  it  is  assumed  to  have  ascended  easily.  „       ^^ 

The  only  passage  I  have  met  AAith  in  any  paper  assuming  the  )  i/  (Cb^ 

extreme  glacial  theory,  which  attempts  to  define  the  conditions  under  .  '■- 

which  an  ice-sheet  can  ascend  hills,  is  a  passage  in  a  paper  by  Pro-  i  (»_  ,^ 
fessor  Agassiz  on  glacial  phenomena  in  Maine  (reprinted  from  the 
'Atlantic  Monthly,'  Feb.  and  March,  1867).  Professor  Agassiz 
says,  "  In  order  to  advance  across  a  hilly  country  and  over  moun- 
taiQous  ridges,  rising  to  a  height  of  twelve  and  fifteen  hundi-ed  feet 
in  the  southern  part  of  the  state,  and  to  a  much  higher  level  iu  its 
northern  part,  the  ice  must  ha^'e  been  several  times  thiclcer  than  the 
height  of  the  inequalities  over  which  it  passed  ;  other-«dse  it  v.'ould 
have  become  encased  between  these  elevations,  -which  would  ha^-e 
acted  as  walls  to  enclose  it.  We  are  therefore  justified  in  sup- 
posing that  the  ice-fields,  when  they  poured  from  the  north  over 
New  England  to  the  sea,  had  a  thiclniess  of  at  least  five  or  six 
thousand  feet."  This  is  vague  enpijgh ;  but  at  least  it  shows  some 
appreciation   of    the   difficulty   in   dynamics    which    is    in^■olved,  I 
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"  Several  times  thicker  than  the  hills  which  are  surmomitecl "  may 
mean  three,  or  four,  or  five,  or  six,  or  seveu  times  ;  and  no  data  are 
given  to  enable  us  to  guess  what  height  of  ice  over  inequalities 
will  enable  it  to  surmount  them.  'Nor  is  the  question  touched 
whether,  even  in  the  supposed  case  of  ice-sheets  six,  seven,  or  ten 
thousand  feet  thick  passing  over  mountains  of  3000  feet  height,  the 
ice  so  moving  would  be  confined  to  the  upper  stratum,  leaving  the 
■  ■.:  lower  fixed  and  imbedded  in  the  hollows  and  the  valleys.     And  if 

this  were  the  case,  then  no  striation  would  result  in  those  valleys, 
and  any  striation  which  exists  must  have  some  other  explanation. 
y^  The  phenomena  of  striation  are  undoubtedly  perplexing ;  but  I 

question  very  much  whether  there  are  any  of  them  which  are  really 
incapable  of  explanation,  if  we  suppose  a  subsidence  and  reeleva- 
tion  of  the  land  under  glacial  conditions  to  the  depth  of  about  2000 
or  3000  feet.     Every  portion  of  the  land  would,  during  this  series 
of  operations,  and  up  to  the  supposed  height,  be  subjected  to  the 
action  of  ice  in  the  three  great  forms  in  which  its  action  is  known 
to  us  in  the  present  day  in  Arctic  and  Antarctic  regions  : — namely, 
first,  true   glaciers  formed  on   preexisting  mountains  filling  pre- 
existing valleys,  and  spreading  out  more  or  less  in  ice-sheets  whose 
motion  is  due  to  glacier-thrust :  secondly,  to  icebergs  alternately 
floating  and  grounding,   pounding,  smashing  and   confusing  the 
broken  materials  of  the  sea-bottom,  and  covering  it   with  trans- 
ported blocks :  thii-dly,  enormous   floating  ice-sheets,  or  floe  ice, 
AA'hich  by  movement  of  tides  and  currents,  are  frequently  heaped 
and  piled  against  opposing  surfaces  with  gigantic  force,  and  to  con- 
siderable ele'\ations.     That  floating  ice  of  this  kind  can  and  does 
produce  striation  upon  such  rock-surfaces  ^^ill  not,  I  presume,  be 
j    questioned.      The  evidence  of  it  in   my  own   neighbourhood   is 
abundant.     On  almost  all  the  projecting  points  along  the  upper 
shores  of  Loch  Fyne  there  are  deep  and  powerful  stria),  running 
parallel  Mdth  the  bed  of  the  Loch,  and  extending  from  the  present 
^  level  of  the  Avater  to  about  15  or  20  feet  above  it.     The  ice  which 

._  ^     I    made  them  has  not  been  moulded  upon  the  rock-surfaces,  fitting 

1*)*'^    !^ .".  Jr        ^^^  their  inequalities,  as  an  ice-sheet  resting  upon  them  woiUd 
,.v\t'""  have  been  fitted  into  them.      It  has  been  pressed  only  against 

vL^        *  the   faces   exposed   to  the   dii'ection   from  A^'hich   the   ice   came, 

lea\ing  the  sheltered  side  unstriated — the  natural  results  of  the 
comparatively  rapid  and  impulsi-\e  movement  of  floating  ice-sheets. 
As  regards  the  power  of  icebergs  to  produce  striations  upon  rocks 
at  the  bottom  of  \\ater  in  \\hich  these  vast  masses  are  just  afloat, 


AX>^IVI:ESAIIY  ADDBESS  op  THK  I'KESIDEXr.  39 

and  uo  more,  and  in  which  they  are  impelled  by  currents,  there  can, 
I  imagine,  be  quite  as  little  doubt.  We  have  only  to  remember 
that  Sir  J.  Ross  saw  an  iceberg  in  the  Antarctic  Ocean  suddenly  turn 
upside  down  and  expose  its  lower  surface,  so  completely  covered 
and  ingrained  with  stones,  sand,  and  gravel,  that  for  some  time  it 
was  thought  to  be  an  island  not  before  observed.  If  such  a  berg 
as  this  were  carried  grating  over  a  rock-surface  at  the  bottom  of      -■  j  ^ 

the  sea,  its  abrading  effects  would  be  enormous.  Xor  would  its  z'-*'^  ^^4t 
power  be  less  of  ploughing  up  and  confusing  loose  materials  which 
had  previously  been  arranged  by  water.  It  is  possible  that  to  this 
cause  may  be  ascribed  many  (I  do  not  say  all)  of  the  accumulations 
in  glaciated  countries,  which  exhibit  a  complete  confusion  of  the  , -i,^^ 
arrangement  due  to  specific  gravity.  But  whether  the  confused 
heaps  of  scratched  stones,  clay,  mud,  and  gravel  which  are  so  common  '■'^-^' 
have  or  have  not  been  due  to  the  ploughing,  pounding,  and  pushing 
movements  of  icebergs,  half  afloat  and  half  aground,  there  is  one 
phenomenon  prevalent  all  over  Scotland,  which  cannot,  I  think,  be 
ascribed  to  any  other  cause  than  that  of  floating  ice.  I  hold  it  to 
be  as  certain  as  any  conclusion  upon  the  subject,  that  the  perched 
blocks  which  crown  so  many  hills  in  Scotland  have  been  deposited 
there  by  icebergs  grounding  upon  tops  which  were  then  shoals  and 
reefs  in  a  glacial  sea.  And  every  portion  of  these  hills,  as  they 
emerged  from  that  sea,  would  be  successively  exposed  to  the  ginnd- 
ing  action  of  floe  ice.  I  have  lately  examined  some  fine  perched 
blocks,  and  some  blocks  also  in  the  hollows  of  glens,  which,  by  their 
position  and  structure,  give  the  clearest  evidence  of  haAdng  been  let 
do"wn  through  water,  because  they  sit  upright  with  their  heavier 
ends  downwards,  and  their  broad  surfaces  vertical.  The  great  eleva- 
tion at  which  some  of  those  perched  blocks  are  found,  indicates 
the  extent  to  which  submergence  has  gone  in  some  part  of  the 
glacial  times  ;  and  if  glacial  conditions  continued  to  prevail  during 
the  whole  process  of  emergence,  floe-ice,  impelled  by  currents  -s^'hich 
may  have  been  persistent  in  direction  during  long  periods  of  time, 
would  have  access  to  every  part  in  succession  of  the  rising  land. 

How  far  the  preexisting  configuration  of  hill  and  valley  may 
have  been  modified  during  tlio'^e  vast  movements  of  subterranean 
force  it  does  not  seem  po^siiiL-  to  estimate  ;  but  it  is  obvious  that 
much  glacial  striation  \\-ould  take  place  across  submarine  reefs,  as 
"O'ell  as  much  which,  though  generally  parallel  to  ridges  and 
hollows  determiniiig  the  course  of  currents,  v/ould  yet  be  such  as 
could  not  have  been  made  by  land-glaciers. 
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Whether  this  be  an  adequate  explanation  or  not  o£  the  glacial 
marks  -s^hich  are  transverse  to  our  existing  valleys,  and  ^hich  have 
cut  across  the  flanks  of  our  existing  hills,  I  return  to  the  point  that 
f  these  marks  cannot  indicate  the  process  by  which  those  hills  and 
valleys  have  been  formed.  They  indicate  an  agency  by  which  the 
hills  may  have  been  somewhat  degraded,  and  the  valleys  somewhat 
filled  up.  But  they  do  not  indicate  an  agency  by  which  the  valleys 
can  have  been  hollowed  out.  This  can  only  have  been  done  by  true 
glaciers,  of  which  preexisting  summits  were  the  gathering-ground, 
and  preexisting  hollows  were  the  bed.  And  for  those  preexisting 
and  still  surviving  .systems  of  hill  and  valley,  we  must  go  back  to 
older  and  deeper  causes  than  the  comparatively  superficial  opera- 
tions of  the  Glacial  epoch. 

It  may  be  true,  and  indeed  it  may  be  considered  certain,  that  the 
forms  of  hill  and  valley  which  thus  preceded  the  coming  on  of 
glacial  conditions  had  been  themselves  detennined  in  a  large  degi'ee 
by  previous  denuclations  arising  from  other  agencies  ;  and  those 
who  see  in  every  thing  the  effect  of  the  Glacial  epoch  are  under  a 
very  natural  temptation  to  appropriate  to_one  period,  and  to  one 
cause,  effects  \^  hich  have  really  been  due  to  many  different  epochs 
and  to  many  different  causes.  No  geologist  doubts  the  enormous 
amount  of  denudation  wliich  has  affected  the  surface  of  the  earth 
litj^*;  ''*'  '"^^  during  the  course  of  geological  time.  We  all  know  that  denuda- 
"^lon  and  deposition  are  inseparable  correlatives,  and  that  the 
amount  of  destruction  done  upon  the  older  rocks  is  measured  only 
by  the  enormous  masses  of  sedimentary  deposit  which  have  been 
derived  from  their  materials.  But  the  recognition  of  this  fact  goes 
but  a  little  way  in  determining  the  causes  which  have  operated  in 
throwing  some  of  the  newest  as  well  as  some  of  the  oldest  rocks 
into  the  forms  -nhich  now  mark  the  more  hilly  or  mountainous 
regions  of  the  globe. 

In  order  to  judge  of  this  we  must  look  into  the  details  of 
structure,  and  the  relation  ^^"hich  internal  structure  bears  to 
external  form. 

There  is  one  fact  of  structui'e  which  is  of  immense  significance  ; 
and  that  is,  that  for  the  most  part  the  older  sedimentary  rocks 
have  had  the  original  position  of  the  beds  greatly  changed,  and 
that  this  change  has  been  such  as  to  have  the  general  effect  of 
greatly  reducing  the  superficial  space  -N^hich  they  must  once  have 
occupied,  and  which  they  would  still  occupy  if  they  were  again 
spread  out  horizontally.     This  effect  is  produced  by  the  beds  being 
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tliroMii  out  of  the  horizontal,  and  more  or  less  into  the  vei-tical 
direction,  or  by  their  being  crumpled  into  folds.  A  forcible  descrip- 
tion of  this  fact  as  affecting  the  Pal.Tozoic  rocks  which  stretch  under- 
ground from  the  Mendips  in  England  to  the  Ardennes  in  Belgium, 
is  given  in  my  predecessor's  last  annual  address.  These  old  rocks 
are  described  as  "  crumpled  and  contorted  for  a  breadth  of  many 
miles,  and  along  a  length  of  above  800  miles.  The  Silurian  and 
Devonian  rocks  are  thro\A'n  up  into  a  number  of  narrow  anticlinals  ; 
and  the  flanking  coal-measures  are  tilted,  turned  back  on  themselves, 
squeezed  and  contorted."  Mr.  Prestwich  further  describes  these 
"  contortions  as  so  great  that  the  crowni  of  the  anticlinal,  \^-hich 
rises  in  Belgium,  is  at  the  height  of  four  or  five  miles  above  the 
level  of  the  reversed  synclinal  arch  to  the  bottom  of  ^A-hich  the  coal- 
measures  descend."  And  Mr.  Godwin-Austen  is  quoted  "  as 
having  estimated  that  the  Belgian  coal-measures  have  been  squeezed 
into  a  space  one  fourth  only  of  that  which  they  originally 
occupied."  There  can  be  no  doubt  of  the  cause  of  crumplings  and 
foldings  of  strata  such  as  these.  They  can  only  be  due  to  lateral 
pressure,  and  this  lateral  pressure  could  only  arise  from  the  strata 
losing  their  subterranean  support,  and  being  therefore  compelled 
to  adjust  themselves  to  the  occupation  of  a  narrower  space.  This 
is  a  process  that  must  have  been  frequently  repeated,  if  there  be 
any  truth  in  the  physical  doctrine  of  the  earth  having  been  subject 
to  a  secular  cooling  from  a  higher  degree  of  internal  heat ;  and  as 
often  as  it  has  been  repeated  it  must  have  produced  upheavals  and 
depressions  on  the  surface.  However  slow  such  flexures  into  hill 
and  valley  may  have  been,  the  work  has  occupied  in  each  case  a 
definite  time,  which,  within  certain  limits,  can  be  defined.  In  the 
case  of  these  Palaeozoic  hills  and  valleys  no\v  so  deeply^  buried  by 
sedimentary  deposits  of  later  origin,  we  know  that  they  were 
formed  after  the  deposition  of  the  Coal-measures,  and  before  the 
deposition  of  the  Permian  strata.  It  may  well  have  been  that 
\^•hen  this  great  axis  of  disturbance  arose  in  the  Silurian  and 
Devonian  deposits,  the  Coal-measures  may  have  formed  the  surface 
of  the  ground ;  and  they  may  have  existed  in  much  greater  depth 
than  they  have  anywhere  remained.  Nevertheless  they  had  to 
follow  the  movement  of  the  rocks  on  which  they  rested ;  and  they 
were  accordingly  tilted,  squeezed,  contorted,  and  in  some  cases 
actually  turned  back  upon  themselves. 

These  buried  mountains  are,  I  conceive,  the  counterpart  of  other 
ranges  which  have  not  been  buried  or  have  been  again  uncovered. 
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The  iminonse  area  of  country,  for  example,  over  which  iu  the 
highlands  of  Scotland  one  general  direction  of  dip  and  of  strike 
prevails  is  conclusive  e^'idence  of  great  flexures  and  great  faults 
ha\ing  been  caused  by  subterranean  movements,  I  have  described, 
in  a  former  papsr  communicated  to  this  Society,  how  in  my  own 
neighbourhood  the  mica-slates  have  fallen  inwards  along  lines  of 
subsidence,  ha\iug  a  general  north-eastern  and  south-western 
direction,  and  how  the  porphyritic  granite  can  be  shown  to  have 
risen  along  the  planes  of  least  resistance,  which  were  the  planes  of 
deposit  iu  the  falling  beds,  so  that  the  granites  appear  to  be  inter- 
stratified  in  masses  with  the  slates,  but  indicating  their  intrusive 
character  by  the  fragments  which  they  have  caught  up  and  enveloped. 
All  the  mountain-ridges  of  the  country  he  along  the  strike  of 
highly  inclined  beds  ;  and  the  most  jagged  and  peaked  outUnes  are 
at  points  where  the  strata  have  been  most  bent  and  contorted. 

It  is,  as  I  conceive,  after  such  movements  as  these  have  been 
effected,  and  after  they  have  determined  the  great  anticlinals  and 
STOclinals  of  mountain-systems,  that  the  forces  of  denudation  begin 
to  work,  and  to  work  upon  them  to  the  best  advantage.  Whether 
under  the  effects  of  subsequent  gradual  submergence,  or  the 
equally  powerful  effects  of  gradual  emergence,  strata  so  contorted, 
bent,  broken,  and  turned  back  upon  themselves  must  offer  a 
thousand  points  of  advantageous  attack  to  the  innumerable  agencies 
of  AA'aste  and  degradation.  But  so  long  as  such  hills  and  mountains 
last  at  all,  and  ■\\-herever  they  are  exposed  to  vievr,  they  bear  upon 
them  the  unmistakable  impress  of  their  origin,  and  of  the  mighty 
subterranean  forces  to  which  their  structure  is  due.  But  structure 
generally  determines  the  whole  aspect  of  the  country  where  moun- 
tains exist.  Even  their  distant  outlines  betray  at  once,  to  the  experi- 
enced eye,  the  direction  in  which  the  strata  have  been  tilted,  and 
very  often  also  the  direction  iu  which  elevations  have  taken  place 
along  the  line  of  strike.  Denudation  has  indeed  done  its  work ; 
but  it  has  done  it  along  the  lines  determined  by  upheaval,  by 
.  fracture,  and  by  unequal  subsidence.  And  it  must  be  remembered 
that  there  are  many  positions  into  which  strata  may  be  thro\\Ti 
on  which  a  comparatively  small  amount  of  denudation  might 
residt  in  a  surface  having  no  apparent  connexion  ^\ith  structure. 
All  sedimentary  beds  must  have  had  an  edge  somewhere  ;  and  if 
they  are  tilted  into  a  vertical  position,  and  the  edges  come  to  be 
exposed,  the  removal  of  a  small  amount  of  material  may  result  in  a 
horizontal  surface,  or  in  surfaces  cutting  across  the  lines  of  struc- 
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ture  at  every  variety  of  angle.  And  where  the  removal  of  material 
has  been  greatest,  as  in  some  cases  it  has  been  enormous,  the  com- 
mencement and  the  direction  of  the  work  done  by  the  denuding 
agents  have  been  determined  generally  by  the  lines  of  flexure, 
A\-liich  are  the  lines  of  greatest  tension,  and  therefore  the  most 
probable  lines  of  fracture.  Even  in  the  case  of  mountains  -which 
have  most  the  appearance  of  having  been,  as  it  were,  cut  out  of  the 
solid  simply  by  the  removal  of  all  the  surrounding  material,  it  will 
generally  be  found  that  these  great  "  monuments  of  denudation," 
as  they  are  often  called,  stand  in  the  bottom  of  sjTiclinal  trou<^hs, 
or  at  the  top  of  anticlinal  arches.  T'requently,  too,  the  core  of 
these  mountains  is  some  great  column  or  mass  of  intrusive  rock 
\vhich  has  risen  from  below.  If  we  may  trust  the  beautiful  map 
of  the  north  of  Scotland  by  Murchison  and  Greikie,  this  is  the  case 
of  Ben  Nevis,  and  probably  also  of  Ben  Lawers,  which  are  both  of 
them  mountains  standing  in  deep  troughs,  or  on  the  edge  of 
extensive  faults.  The  Linneh  Loch  is  an  extension  of  the  trough 
of  the  Caledonian  Canal ;  and  that  trough  is  due,  as  we  are  informed 
by  the  same  authorities,  to  the  double  effect  of  an  anticlinal  broken 
through  by  a  coincident  line  of  fault.  There  is  evidence,  no  doubt, 
of  the  removal  of  great  masses  of  material ;  but  there  is  evidence 
also  of  subterranean  movements  which  have  not  only  certainly  de- 
termined the  direction  of  denuding  agencies,  but  have  probably 
begun  and  facilitated  the  Avork  by  extensive  fractures. 

The  mountains  of  Cam.brian  sandstone,  which  are  such  wonderful 
and  picturesque  objects  on  the  west  coast  of  the  counties  of 
Inverness,  Eoss,  Cromarty,  and  Sutherland,  are  commonly  and 
justly  referred  to  as  among  the  most  conspicuous  examples  of 
denudation  in  the  British  Islands.  The  dissimilarity  of  their 
material  to  that  of  all  the  rocks  with  M'hich  they  are  associated, 
and  the  apparent  horizontality  of  their  strata,  in  contrast  A\dth  the 
almost  vertical  beds  on  which  they  stand,  and  the  highly  inclined 
unconformable  beds  by  which  they  are  again  geologically  succeeded, 
suggest  to  the  commonest  observation  the  question,  how  these 
remnants  of  vast  sedimentary  deposits  can  ha-\'e  assumed  the  form 
in  which  we  now  see  them,  and  how  the  rest  of  that  vast  mass  has 
come  to  be  removed.  To  approach  even  to  the  solution  of  the 
problem,  how  much  of  this  has  been  due  to  subterranean,  and  how 
much  to  subaerial  force,  we  should  require  to  know,  in  outline  at  least 
Avhat  have  been  the  movements  of  upheaval  and  of  subsidence  since 
the  immensely  remote  geological  time  AA-heu  they  wex-e  deposited — 
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how  mucli  was  clone  cluriDg  their  first  emergence  from  the  seas  in 
Avhich  the)'  v.-ere  deposited,  whilst  the  materials  were  yet  soft  and 
unconsolidated — how  often  and  how  long  they  have  been  elevated 
and  exposed  to  subaerial  action  after  they  had  become  rock — and, 
above  all,  Mhat  have  been  the  conditions  of  upheaval  as  regards  the 
area  and  the  axes  of  disturbance.  Elevations  or  depressions  which 
take  place  very  slowly  and  over  a  very  large  extent  of  country  may 
have  little  or  no  effect  in  breaking,  or  even  in  bending  strata — 
Avhereas  mo\"ements  comparatiA-ely  sudden  and  confined  to  limited 
areas  may  produce  the  most  violent  fractures,  flexures,  and  falliugs- 
in  of  the  beds  exposed  to  them.  As  regards  these  old  Cambrian 
sandstones,  I  venture  to  think,  from  my  own  observations  lately 
made,  that  there  is  evidence  of  subterranean  movements,  \\ithin  a 
Aery  limited  area,  Avhich  threw  the  Cambrian  beds  into  some  great 
dome  or  arch,  exposing  them  to  tension  too  great  for  them  to  bear 
A^ithout  fracture  and  dislocation.  I  think  I  could  plainly  see,  on 
the  occasion  of  a  late  A'isit  to  that  coast,  that  the  appearance  of 
horizontahty  in  the  beds  is  an  ocular  deception,  from  so  many  of 
the  precipitous  faces  being  sections  at  right  angles  to  the  dip,  and 
from  many  of  the  mountain  masses  having  occupied  positions  near 
the  centre  of  the  great  dome-shaped  form  of  which  they  are  the 
remains.  Moreover  I  think  there  is  CAidence  that  the  depression 
noAv  occupied  by  the  AA-aters  of  the  ocean  in  the  Minch  Avas  the  line 
of  subsidence  into  AAhich  one  side  of  the  dome  sloped  and  fell. 
Along  the  margins  of  the  coast  there  are  bits  and  fragments  left 
which  belong,  I  believe,  to  the  same  chocolate  sandstones  and  con- 
glomerates Avhich  constitute  the  peaked  or  jagged  mountains  further 
inland  ;  and  these  remaining  fragments  are  seen  generally  dipping 
steeply  into  the  sea,  and  presenting  thin  abraded  edges  at  a  high 
angle  towards  tlie  hills  beyond.  There  is,  indeed,  one  very  large 
fragment,  constituting  the  Avell-knoAATi  Island  of  Handa,  on  the 
coast  of  Sutherland,  AAiiich  seems  to  have  been  loAvered,  as  it  Avere, 
by  some  unequal  subsidence  into  a  rcA'erse  position,  AAith  its 
escarpment  facing  the  ]Minch,  and  its  slope  toAAards  the  mainland. 
But  the  Laurentiau  gneiss  of  this  part  of  Sutherland,  on  AAhich  the 
Cambrian  sandstones  rest,  gives  such  abundant  evidence  of  deep- 
seated  subterranean  disturbances  that  every  rock  resting  upon 
it  must  be  expected  to  present  a  difference  of  position.  The  extent  of 
these  distiirbances  is  Avell  exhibited  in  the  general  character  of  the 
country  as  vieAved  from  any  of  the  hills,  some  of  AAhich  are 
capped  by  small  remaining  fragments  of   the   bottom   Cambrian 
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conglomerates,  whilst  a  bit  in  tlie  upper  beds  of  the  same  forma- 
tion is  seen  far  below  our  feet  iu  the  wave-woru  precipices  of 
Hauda.  One  of  these  fragments  is  situated  at  the  summit  of  Ben 
Stack,  a  mountain  of  Laurentiau  gneiss,  upwards  of  2000  feet 
high.  The  general  level  of  the  gneissose  hills  is  very  much  lower, 
but  deeply  brolten,  in  a  manner  which  can  only  be  explained  by 
unequal  elevations  and  depressions  along  axes  of  movements 
frequently  recurring  and  frequently  changing  in  direction.  The 
larger  valleys  are  occupied  by  comparatively  insignificant  streams  ; 
and  many  deep  hollows  are  not  occupied  by  any  streams  at  all. 
The  overling  beds  of  white  quartzite  present  phenomena  which 
seem  to  me  to  give  ample  proof  of  violent  fracture.  There  is  one 
precipitous  face  of  this  rock,  superficially  coloured  red  by  oxide  of 
iron,  which  can  be  traced  though  some  fifteen  or  twenty  miles  of 
countiy  traversing  high  transverse  ridges,  and  cut  through  by  deep 
arms  of  the  sea,  AA^hich  cross  it  at  right  angles.  At  one  spot  on 
the  top  of  a  ridge,  between  the  valley  which  is  occupied  by  the 
chain  of  fresh-AA'ater  lochs  between  Loch  Shin  and  Loch  Laxford 
and  the  still  more  striking  valley  which  is  noAV  occupied  by  the 
ocean  in  Glen  Dhu,  the  ground  is  encumbered  Avith  the  broken 
blocks  and  masses  which  indicate  the  former  extension  of  the 
same  bed  to  a  considerable  distance  from  its  present  face.  ISTo  ^ 
denuding  agency  that  I  can  conceive  aa-III  account  for  the  formation 
of  this  gi'eat  line  of  fiFacture,  although  the  vast  hollow  Avhich  it  < 
now  almost  encircles,  and  Avhich  it  probably  once  covered,  is  a 
sufficient  indication  that  after  the  fracture  had  taken  place,  the 
broken  materials  have  boon  somehow  removed.  It  is  possible, 
however,  that  tliis  line  of  precipice  may  be  very  near  the  original 
edges  of  deposit ;  and  in  this  case  the  amount  of  removed  material 
need  not  have  been  so  very  great. 

I  may  take  this  opportunity  of  recommendiug  any  member  of 
this  Society  Avho  is  interested  in  seeing  the.  most  magnificent 
natural  section  of  a  A'ast  series  of  formations  which  perhaps  this 
island  or  any  part  of  the  Avorld  presents,  to  visit  Glen  Dhu,  in 
Sutherland.  From  the  comparative  nakedness  of  the  hills,  their 
precipitous  character,  and  the  accurately  transverse  line  Avhich  the 
bed  of  the  fiord  occupies  as  regards  the  dip  of  the  strata,  and  from 
the  depth  to  Avhich  it  cuts  them,  there  is  presented  to  the  geologist 
a  section  of  every  bed  from  the  Laurentian  gneiss  to  the  upper 
Silurian  slates.  The  Cambrian  sandstone  is  represented  by  the 
lofty  mountain  of  Quinaig  rising  over  the  mouth  of  the  fiord  ;  and 
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all  the  beds  of  the  superior  Silurian  strata  are  seen  iu  their  order  as 
we  proceed  towards  its  head,  especially  towards  the  teraiinatiou  of 
its  southern  branch.  I  may  also  observe,  in  passing,  that  a  large 
series  of  beds  of  mica-slate  and  quartz-slate  appear  to  lie  between 
the  great  white  quartzite  beds  and  the  Cambrian  sandstones, 
\\'hercas  in  the  sections  given  by  Murchison  and  Greikie,  the  white 
quartzite  is  the  rock  "ohich  overlies  the  Eed  Sandstones. 

With  respect  to  the  effects  of  glacial  action  upon  the  intensely 

hard  and  highly  crystalline  rocks  of  the  Laureutian  gneiss,  we  may 

s    at  least  assume  that,  as  compared  Mith  the  other  rocks  over  which 

I  it   was  exerted,  that  effect   must   have   been  about  a  minimum. 

«"  Nevertheless  there  is  no  mountain-country  that  I  have  ever  seen 

which  is  to  be  compared  with  the  part  of  Sutherland  occupied  by 

that  rock  in  point  of  what  may  be  called  the  tumultuous  character 

of  its  surface.   Nor  are  the  tops  of  the  hills,  high  or  low,  in  general 

rounded.     On  the  contrary,  they  are  generally  full  of  sharp  abrupt 

outlines.     He  would  be  a  bold  theorist  who  would  ascribe  the  form 

of  Ben  Stack  to  the  removal  by  glacial  denudation  of  all  the  lower 

country  of  the  same  rock  out  of  which  it  rises. 

As  regards  the  theory  of  Professor  Eamsay  in  regard  to  the 

origin  of  lake-basins,  that  they  are  due  to  excavation  by  glaciers, 

I  have  only  to  observe  that  the  argument  in  relation  to  them  stands 

in  the  same  position  as  the  argument  with  respect  to  all  other  valleys. 

I    The  mountains  and  the  valleys  have  preceded  glacial  conditions, 

I    which  again  have  more  or  less  deepened  the  hollows  along  v.iiich 

glaciers   moved.     If   valleys   so   deepened   have  afterwards   been 

affected  by  subterranean  disturbance  of  their  former  levels,  they  may 

I       have  become  holes  and  depressions.     But  I  confess  I  am  at  a  loss 

;*>      to  understand  how  glaciers  could  stop  their  on\^ard  motion  and 

/      expend  their  energies  in  digging  deep  holes  far  below  the  level  of 

I      the  general  slope  upon  which  they  lie,  and  down  which  they  move. 

It  seems  to  me  as  reasonable  to  suppose  that  the  great  depression 

in  which  the  valley  of  the  Jordan  lies,  descending  far  below  the 

level  of  the  ocean,  has  been  cut  out  by  a  stream  which  had  its 

outlet  in  the  sea.     Take  the  case  of  Loch  Lomond.     Here  we  have 

a  great  valley,  the  bottom  of   which  is  at   some  places  600  feet 

below  the  level  of  the  sea.     If  the  floor  of  that  valley  was  at  a 

much  higher  le\el  when  the  glacial  period  began,  ice  moving  down 

it  from  the  higher  ranges  of  Glenfalloch,  would  follow  the  line  of 

least   resistance  to  the   open   country  and  the  Firth   of   Clj^de. 

There  is   no   conceivable   circumstance,  except  one,   which  could 
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cause  the  glacier  to  expend  its  force  in  the  direction  of  excava- 
tion instead  of  the  direction  of  advance.  The  one  circumstance 
which  might  possibly  explain  the  descent  of  a  glacier  into  such 
a  depression  is,  that  the  depression  existed  before,  in  which 
case,  of  course,  it  would  be  occupied  by  ice,  just  as  it  is  now  occupied 
by  water.  But  what  would  be  the  behaviour  of  that  portion  of 
the  glacier  which  had  been  so  imbedded  in  a  rocky  hole  ?  Would 
it  move  as  freely  as  a  glacier  lying  on  a  level  or  on  a  descending 
slope?  Is  it  quite  certain  that  it  would  move  at  all?  Would 
not  the  friction  and  resistance  be  so  enormously  increased  as  to 
bring  this  lower  portion  of  the  glacier  to  rest,  and  allow  the  upper 
part  of  it  to  slip  over  the  lower  part,  as  we  know  it  actually  does 
even  where  the  lower  ice  is  not  thus  imbedded  ?  I  ^^ropound  this 
as  a  question  of  djoiamics.  It  is  quite  certain,  I  apprehend,  that  x 
a  rocky  depression  of  some  certain  depth  and  thickness  would  hold  ,  ,rW*%^" 
absolutely  fast  any  mass  of  ice  which  had  been  forced  into  it,  and  ^^i" 
that  any  superincumbent  mass  of  ice  in  motion  over  it  would  have  "^ 

to  part  company  altogether  mth  this  imbedded  portion — even  as  '  * 

the  upper  part  of  the  mer  de  glace  does  now  part  company  from  its 
own  base  by  a  double  rate  of  motion.  And  has  any  calculation  ■■  i^^^K 
been  made  of  the  gradient,  so  to  speak,  at  which  ice  -nould  thus  be 
brought  to  a  standstill,  and  would  thus  absolutely  cease  to  work 
even  as  an  abrading  agent  ?  Until  such  calculation  has  been  made, 
the  theory  which  ascribes  the  digging  out  of  the  deep  rock-basins 
to  the  action  of  moving  ice  is  a  theory  which  omits  altogether  to 
take  into  account  an  essential  element  in  the  problem  ^^hich  it 
aspires  to  solve.  Some  very  curious  and  interesting  investigations 
into  the  character  and  composition  of  the  water  in  the  deeper  parts 
of  the  lake-basins  of  Scotland  have  lately  been  made  by  Sir  Eobert 
Christison.  And  one  of  the  results  of  this  investigation  has  been 
to  show  that  even  the  water  which  gets  settled  in  the  deep  holes  of 
which  I  have  been  spealdng,  movable  as  Mater  is  in  comparison  mth 
ice,  becomes  motionless  in  those  rocky  depressions.  Speaking  of 
experiments  made  in  Loch  Lomond  upon  the  chemical  composition 
and  upon  the  temperature  of  the  bottom  water.  Sir  Eobert  says, 
"  the  results  of  both  concur  in  indicating  that  in  the  very  deep 
parts  there  is  a  vast  body  of  still  water,  which  undergoes  little  or, 
perhaps,  no  change  or  movement."  As  regards  the  problem  of  the 
formation  of  such  rock-basins  I  have  never  quite  understood  m  hy 
it  has  been  considei*ed  so  difficult.  It  is  perfectly  true  that  it  is  a 
very  rare  thing,  perhaps  (as  has  been  said  by  Professor  Eamsav)  the 
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rarest  thiug  in.  nature,  to  find  a  rock-basin  formed  by  the  bending 
of  a  bed  into  a  trough-like  form.  But  if  mountains  and  valleys 
have  in  the  main,  been  formed  by  the  falliug-iu  of  rocks,  owing  to 
subsidences  and  lateral  pressures  of  every  degree,  taking  effect 
iipou  materials  of  every  variety  of  texture,  it  is  almost  impos- 
"sible  to  conceive  how  such  movements  could  take  place  mthout 
resulting  in  deep  local  depressions,  just  as  they  have  resulted  in 
high  local  elevations.  The  one  result  is  the  correlative  of  the 
other.  The  deepest  part  of  Loch  Lomond  is  along  the  base  of  Ben 
Lomond  ;  and  there  seems  every  reason  to  suppose  that  the  same 
causes  which  have  formed  the  slope  above  have  also  formed  the 
slope  below  the  level  of  the  water. 

Nor,  on  this  theory  of  the  origin  of  such  depressions,  ought  we 
to  expect  any  uniform  relation  between  the  shape  of  hollows  so 
formed  and  the  lie  of  the  beds  which  are  their  containing  walls. 
Faults  and  fractures  not  only  may  but  must  take  place  at  all 
varieties  of  angle  with  the  dip  or  strike  of  the  strata  which  are 
broken  through ;  and  if  in  any  case  those  strata  have  fallen 
inwards  along  some  line  of  subsidence,  they  would  so  fall  often 
iniequally  and  in  sucli  complete  confusion  as  to  render  it  most 
difficult  to  account  for  the  appearances  pi'esented,  especially  when 
these  a])pearances  have  been  complicated  by  more  or  less  extensive 
subsequent  denudation,  and  also  by  frequently  repeated  subter- 
ranean disturbances.  I  beheve  this  to  have  been  the  case  with  the 
basin  of  Loch  Awe.  The  mica-slate  beds  on  either  side  are  there 
seen  plunging  steeply  to-^'ards  the  basin ;  and  in  the  little  islands  in 
the  bed  of  the  lake  those  strata  are  seen  to  be  nearly  vertical. 
When  the  evidence  of  subterranean  subsidence  is  so  clear  and 
conclusive  as  in  this  case,  I  see  no  difficulty  which  requires  solution 
in  accounting  for  the  formation  of  lake-basins.  On  the  other 
hand,  there  may  be  cases  Avhere  such  basins  do  not  present  the 
same  phenomena,  where  they  appear  to  have  been  cut  or  scooped 
out  of  horizontal  beds  (just  as  some  dry  valleys  have  been  ex- 
cavated) by  marine  denudation.  But  the  buried  river-courses 
which  have  been  discovered  filled  in  with  glacial  drift,  some  of 
them  \ying  deep  below  the  present  level  of  the  sea,  suggest  that  the 
work  of  ice  has  been  rather  to  fill  up  such  hollo\^-s  than  to  dig  them 
out,  and  suggest  further  that  before  the  commencement  of  the 
glacial  epoch  the  mountains  with  their  valleys  stood  much  higher 
than  they  do  now,  and  that  deep  basins,  such  as  Loch  Lomond, 
may  be  nothing  but  -walleys  \\-hich  Mere  once  upland  and  have  since 


been  lo-wered  imequally.     I  do  uot,  however,  mean  to  dispute,  nor 
am  I  disposecTTo  ddtilDt,  that  there  are  conditions  under  which  ice 

__charged  ■\\ith  stones  and  gravel  could  exert  some  digging-power. 
If  the  hardest  rocks  jdeld  to  the  slow  mechanical  attrition  of  the  litho-— 
domous  moUusks,  they  would  assuredly  jdeld  also  to  the  uot  dissimilar 
ugency  of  ice  -with  imbedded  sand,  if  it  could  bo  applied  to  the 
same  work  in  the  same  or  in  any  similar  way.  But  I  think  the 
conditions  must  have  been  rare  indeed  in  which  ice  could  have  been 
applied  in  any  manner  at  all  comparable.  Enormous  icebergs,  just 
afloat,  and  kept  spinning  round  by  tides  and  currents  for  long 
periods  of  time  upon  the  same  rock-surfaces,  \\ould  perhaps  be 

'  adequate  to  the  task  of  grinding  holes,  but  hardly  holes  of  the 
shape  of  our  deep  lake-basins.  These  are  generally  much  more 
like  the  form  of  Hnear  cracks  or  chasms  ]  and  if  ice  ever  fille  d 
them,  which  it  must  have  done  if  the  valley  in  which  they  occur 
was  ever  occupied  by  a  glacier,  I  believe  that  the  ice  so  situated 
must  have  been  completely  jammed,  and  rendered  incapable  of 
forward  moA'ement.  Xor  can  I  see  any  evidence  of  lake-basins 
having  been  excavated  by  ice  in  the  fact  that  the  striations 
observable  along  the  shores  are  generally  parallel  with  the  longer 
axis  of  the  occupying  lakes.     This  would  of  necessity  be  the  case 

"on  any  theory — because,  whether  those  striations  were  made  by 
glaciers  or  only  floating  ice,  and  whether  the  valleys  were  first  cut 
out  by  ice,  or  only  occupied  by  it  after  they  had  been  already 
formed,  the  direction  of  movement  would  be  equally  parallel  to  the 
valleys  as  they  now  exist.  A  bar  or  a  block  of  iron  wliich  has  been 
polished  with  sandpaper  in  the  direction  most  natural  and  con- 
venient for  that  operation  woidd  exhibit,  under  a  glass,  powerful 
striations  in  the  direction  of  its  longer  axis  ;  but  it  would  hardly  be 
safe  to  infer  from  this  that  the  block  or  the  bar  had  been  cut  out  of 
the  solid  by  the  sandpaper.  That  glaciers  have  deepened  depressions 
now  occupied  by  lakes,  as  well  as  depressions  which  are  now  only  the 
beds  of  streams,  there  is  indeed  no  reason  to  doubt.  That  they  may 
also,  at  points  where  their  onward  progress  has  been  checked  by 
obstructions,  hjfx'e  exei'ted  a  more  than  usually  grinding  action,  is 
probable.  But  it  is  remarkable  that  the  rock  basins,  attributed  in 
this  theory  to  glaciers,  do  not  for  the  most  part  lie  in  the  parts  of 
valleys  which  are  iiarrow  or  obstructed,  but,  on  the  contrary,  in 
general  where  valleys  open  out  to  the  broadest  extent,  and 
either  debouch  upon  the  plains  or  enter  a  country  \\-ith.  minor  bills. 
This  is  the  case  with  the  Lalves  of  Gfeneva,  Maggiore,  Garda,  Como, 
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and  Lugano,  and,  in  our  o^A^l  country,  with  Loch  Lomond  and  Loch 
Awe.  I  may  add  that,  -uith  regard  to  the  thousand  little  lakes, 
or  tarns,  which  are  common  in  the  Highlands,  and  literally  honey- 
comb the  whole  face  of  the  country  in  some  parts  of  Sutherland, 
very  many  of  them  occupy  positions  which  it  would  be  very 
difficidt  to  explain  by  any  reasonable  theory  of  the  spots  which 
would  be  selected  by  glaciers  for  the  exercise  of  their  digging- 
powers.  Many  of  them  in  Argyllshire  are  on  the  xery  tops 
of  hills,  and  almost  all  of  them  in  hollows  close  to  the  siunmits 
— situations  where,  on  any  possible  theory,  the  weight  and 
worldug  power  of  land-ice  \\ould  be  at  its  minimum.  On  the 
whole,  therefore,  I  am  inclined  to  think  that  however  much 
enormous  glaciers  may  have  deepened  the  hollows  now  occupied  by 
lakes,  they  cannot  have  dug  them  out  in  any  case  in  which  they 
exhibit  any  considerable  depth  below  the  general  \e\e\  of  the  slope 
in  which  the  glacier  lay.  This,  however,  is  assuming  that  no  con- 
siderable change  of  levels  from  subterranean  movements  has  taken 
place  since  the  glacial  epoch.  But  if  the  laud  was  much  more 
elevated  during  that  period,  has  been  since  submerged,  and  has 
again  been  raised  more  or  less,  then  it  is  quite  possible  that  what 
was  once  only  the  natural  continuation  of  a  slope,  may  have  been 
converted  by  imequal  movements,  and  local  axes  of  distiu'bance, 
into  rock  basins,  under  the  conditions  vihich  we  now  see.  Li 
this  case,  however,  it  has  been  the  subterranean  movement,  and 
not  the  glacier,  which  has  detennined  the  basinlike  character  of 
the  depression. 

It  is  impossible  to  separate  the  question  of  the  origin  and  causes 
of  valley  depressions  on  land,  from  the  origin  and  causes  of  the 
greater  depressions  which  are  occupied  by  the  ocean,  or  the  question 
of  the  origin  of  mountains  on  the  land  from  that  of  the  origin  of 
mountains  rising  out  of  the  bed  of  the  sea.  The  sea  itself  has  no 
denuding  power  except  -within  a  very  limited  distance  of  its  ow-a 
mean  level,  and  except  ^hen  powerful  and  shifting  currents  mav 
alter  the  arrangement  of  the  material  which  it  is  itself  depositing ; 
and  subterranean  movement  must  in  both  cases  be  the  great  agent 
in  determining  both  these  forms  of  action.  It  is  impossible,  I  think, 
to  look  at  the  striking  scenery  of  the  Hebrides  \rithout  seeing  that 
many  of  the  island  groups  represent  the  remaining  fragments  of 
an  extensive  country  which  has  been  first  entirely  covered  by  vol- 
canic eruption  of  enormous  extent  in  .space,  and  of  immense  dura- 
tion in  time,  and  secondly,  by  subsequent  uphea^  als  and  depres- 
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sious,  has  been  so  broken  up  that  it  is  impossible  to  have  a  guess  as 
to  its  former  levels  or  as  to  its  former  surface.  If  it  be  true  that 
the  Scoor  of  Eigg  is  the  remains  of  a  lava  current  which  filled  some 
great  river-channel  in  Oolitic  rocks,  it  is  evident  that  the  land  in 
which  and  from  \\^hich  that  river  ran  is  now  completely  broken  up, 
and  the  fragments  which  remain  are  for  the  most  part  buried 
deeply  imder  the  masses  of  igneous  rock  which  wei*e  poured  out 
by  volcanic  vents^  The  discovery,  which  I  was  so  fortunate  as  to 
make  many  years  ago,  of  Miocene  vegetation,  preserved  under  the 
traps  and  ash-beds  of  Midi,  proves  that  these  volcanic  vents  were 
in  active  operation  at  least  do\\-ii  to  that  Tertiary  age.  It  is  . 
equally  evident  from  the  precipitous  fractures  v/hich  the  remaining 
sheets  of  Trap  present  in  Mull,  almost  everywhere  along  its  shores, 
but  especially  on  its  southern  coast,  as  well  as  from  the  position  of 
the  fragments  remaining  in  the  sea,  of  which  Staffa  is  one, 
and  the  surrounding  islets  are  more,  that  the  whole  region  has 
subsequently  been  again  the  scene  of  immense  elevations  and 
subsidences.  The  remarkable  configuration  of  the  bottom  of  the 
sea  on  the  south  coast  of  Mull  indicates  comparatively  recent 
operations  of  this  kind,  by  the  presence  of  submarine  heights  and 
hollows  which  have  not  yet  been  filled  up  by  deposited  material. 

Here  again,  however,  I  would  observe  that  there  can  be  no 
doubt  of  the  extent  of  material  which  has  been  removed.  jN'ot  one 
of  the  volcanic  vents,  which  must  have  existed  in  abundance,  has 
survived  in  a  form  which  can  lead  with  any  certainty  to  their  iden- 
tification. The  presence  of  veiy  slag-like  material  on  one  shoulder  of 
Ben  More  leads  me  to  believe  that  this  fijie  mountain  is  the  remaining 
core  of  what  v.-a,s  once  a  volcanic  vent.  Most  of  the^loose^ material, 
however,  has  been  removed;  but  as  regards  the  agency  of  tha.. 
glacial  epoch  in  that  removal,  I  belieAe  it  to  have  been  comparatively 
trifling.  The  evidences  of  the  work  of  that  epoch,  however,  are 
abundant.  Those  marks  indicate,  so  far  as  I  have  seen  them,  that 
the  general  "  He  of  the  land  "  and  the  general  configuration  of  the 
surface  pre-existed  substantially  as  they  are  now,  and  guided  and 
controlled  all  the  glacial  action.  The  island  of  lona,  for  example, 
in  which  there  is  not  a  scrap  of  gi'anite  rock  in  situ,  is  Literally 
strewn  with  blocks  from  the  opposite  low  hills  upon  the  Boss  of  Mull; 
and  there  is  one  immense  boulder  much  rounded  and  worn,  the 
original  position  of  which  in  the  parent  rock  can  be  identified  -R-ith 
almost  absolute  certainty  from  the  occurrence  in  it  of  a  pecuhar  vein 
or  string  of  uucombiued  material,  wliich  marks  the  granite  atapar- 
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ticular  spot  on  the  coast  of  Eoss.  This  and  other  circumstances 
determine  the  direction  of  the  movement  of  the  floating  ice-floes  or 
bergs  which  brought  the  granite.  That  direction  points  straight  to 
the  higli  group  of  hills,  or  rather  mountains,  -which  lie  to  the  east, 
which  eucii'cle  Loch  Scriddau  on  both  sides,  and  one  of  which  is 
the  lofty  summit  of  Ben  More.  If  there  was  gatherhig-ground 
for  a  great  glacier  anywhere  in  that  region,  it  must  have  been 
upon  -Ben  More  especially.  And,  on  the  other  hand,  the  move- 
ment of  an  ice-sheet  from  the  north-east  or  from  the  north,  could 
not  ha^'e  carried  a  single  fragment  of  granite  to  the  island  of 
lona.  I  observe  that  in  the  interesting  paper  by  Mr.  AUport  on 
the  Igneous  Eocks  of  Arrau  (in  '  Geol.  Mag.'  vol.  ix.  p.  537), 
he  remarks  upon  the  fact  that  ui  the  district  he  examined  he 
did  not  see  a  smgle  boulder  which  did  not  belong  to  the  island 
itself.  In  like  manner,  Mr.  Tiddeman  tells  us  that  the  transported 
blocks  in  ISTorth  Lancashire  all  belong  to  the  drainage-system  in 
which  they  are  found,  except  those  on  the  western  margin  of  the 
district,  where  that  drainage-system  opens  out  upon  the  plains,  and 
the  country  is  of  course  exposed  to  transporting  agencies  coming 
from  a  diiferent  group  of  hills.  And  here  I  may  observe  that 
whilst  the  abseiice  of  boulders  foreign  to  any  district  is  very  strong 
evidence  against  an  ice-sheet  coming  from  beyond  that  district,  the 
converse  does  not  always  hold  true.  The  presence  of  boulders  not 
belonging  to  a  district  may  be  no  proof,  or  even  indication,  of  an 
ice-sheet.  If  a  district  is  not  sheltered  from  drifting  ice  coming 
from  a  distance,  the  presence  of  foreign  boidders  affords  no  proof 
or  presumption  of  the  action  of  an  ice-sheet  such  as  has  been 
supposed,  because  such  boulders  may  have  been  brought  by  floating 
ice.  Thus,  for  example,  the  presence  upon  the  coast  of  Antrim 
of  boulders  or  blocks  of  mica-slate  belonging  to  the  Mull  of 
Krntyre  would  be  no  indication  of  an  ice-sheet  filling  up  the 
Irish  Channel,  and  moving  up  the  lulls  of  the  opposing  coast — • 
because  if  thei'e  is  one  point  on  the  whole  coast  of  Scotland  where 
icebergs  would  be  sure  to  break  off  and  float  a^-ay,  it  must  have 
been  on  the  Mull  of  Kiutyi'e,  the  termination  of  a  mass  of  hUls 
of  considerable  elevation  and  ending  in  precipitous  faces  of  very 
highly  fractured  and  contorted  beds  of  mica-schist.  Among  the 
interior  hills  and  valleys  of  Argyllshire,  covered  as  they  are  with 
transported  boulders  and  perched  blocks,  I  have  never  observed 
any  belonging  to  rocks  which  do  not  exist  somewhere  in  the 
drainage-system  within  which  they  occur. 
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lu  reasoiiiug  ou  the  effects  of  the  glacial  epoch  upon  the  cou- 
figuration  of  the  surface,  I  cannot  admit  that  we  are  at  hberty, 
far  less  bound,  to  follow  my  distinguished  kinsman,  the  author 
of  '  Frost  and  Fire,'  in  the  endeavour  which  he  says*  he  has 
made  to  "  shake  off  ideas  of  size."  Size  (that  is  to  say,  the  mag- 
nitude of  moving  bodies)  is  an  essential  element  in  their  working 
power,  and  must  have  inseparable  relation  to  the  magnitude 
of  their  possible  effects.  Nor  are  we  at  liberty  to  magnify 
any  knowTi  agency  to  some  enormous  imaginary  extent  in  order  to 
make  it  adequate  in  conception  to  the  effects  which  our  theory 
requires  us  to  ascribe  to  it.  If  the  relation  between  possible 
weight  and  possible  work  is  to  be  got  rid  of,  there  can  be  no  limit 
to  our  fancies  in  respect  of  the  powers  of  ice.  If  we  ascribe  to  it 
the  formation  of  all  our  existing  valley-systems — if  our  hills  and 
mountains  are  nothing  but  the  knobs  and  protuberances  which 
some  ice-sheet  of  gigantic  depth,  and  moving  with  gigantic  force, 
has  left  standing  out  of  a  Plane  of  Abrasion,  I  see  no  reason  why 
Ave  should  stop  short  of  supposing  that  the  bed  of  the  Atlantic  has 
been  dug  out  by  the  same  agency.  Already  I  observe  that  the 
soundings  of  the  '  Challenger '  have  added  another  deep  rock-basin 
outside  the  Straits  of  Gribraltar,  in  continuation  of  the  two  already 
known  in  the  Mediterranean,  separated  from  each  other  by  sub- 
marine hills  of  considerable  elevation.  If  the  rock-basins  above 
water  have  all  been  hollowed  out  by  ice,  why  not  also  the  rock- 
basins  below  the  sea  ?  If,  on  the  other  hand,  these  great  submarine 
depressions  are  generally  recognized  as  due  to  subterranean  sub- 
sidences, why  not  admit  the  probabihty  of  lesser  depressions  at  a 
higher  level  being  due  to  the  same  great  cause  ? 

The  question  on  which  we  are  now  speculating  may  be  put  thus  : 
what  was  probably  the  character  of  the  northern  hemisphere  (the 
physical  geography  of  the  country)  before  the  commencement  of  the 
glacial  epoch,  as  compai'ed  with  what  it  now  is  ?  But  in  specula- 
ting on  this  question  we  must  remember  that  even  if  we  could  re- 
store the  old  surface  exactly,  we  should  not  necessarily  know  how 
much  or  how  little  of  the  change  has  been  the  effect  of  ice,  because 
it  is  at  least  possible,  nay,  very  probable,  that  the  coming  on  of  glacial 
conditions  may  have  arisen  from  great  terrestrial  changes  due  to  up- 
heavals and  depi*essions  of  the  crust.  And  even  if  this  was  not  the 
case,  even  if  the  coming-on  of  glacial  conditions  was  due  to  causes 

*  "  On  the  Glaciation  of  Ireland,"  by  J.  F.  Campbell,  Qaarfc.  Journ.  Geol. 
Soc.  vol.  xx:x. 
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purely  cosmic  and  not  terrestrial,  it  seems  almost  certain  that  the 
glacial  epoch  lasted  through  and  during  immense  movements  of  ele- 
vation and  depression.  These  may  have  been  more  or  less  sudden  or 
more  or  less  slov,-.  But  my  own  beUei:  is  that  to  these,  and  not  to 
glacial  action,  have  been  always  due  the  great  determining  lines 
of  physical  geography.  To  them,  of  course  al\^-ays  accompanied 
and  followed  up  by  marine  denudation,  has  been  due  the  almost 
complete  destruction  of  the  lands  and  continents  which,  before  the 
glacial  epoch,  supported  an  abundant  and  splendid  Miocene  vegeta- 
tion— lands  and  continents  ^^-hich,  we  know,  from  the  scattered 
fragments  it  has  left,  extended  from  our  own  temperate  region  to 
very  near  the  Pole.  When  we  contemplate  the  changes  of  sur- 
face, as  enormous  as  they  are  mysterious,  which  are  indicated  l3y 
those  proofs  of  a  Miocene  vegetation  having  flourished  so  lately  in 
the  geological  history  of  the  globe  in  regions  which  are  now  glacial, 
and  •\\hen  vre  recollect  that  these  changes  must  have  been  ac- 
comphshed  long  before  what  we  call  the  glacial  epoch  began,  it 
does  not  seem  reasonable  to  ascribe  to  so  comparatively  recent 
and  to  so  comparatively  superficial  a  cause  effects  which  have  been 
a  thousand  times  repeated  by  agencies  more  pennanent,  more 
deeply  seated,  and  more  constant  in  their  operation. 

It  is  not  without  misgiving  that  I  venture  to  express  so  strong 
an  opinion  against  the  belief  of  some  of  the  most  distiuguished 
geologists  now  h\'ing.  But  I  recollect,  -with  some  satisfaction, 
that  the  history  of  geology,  like  the  history  of  other  sciences,  is  the 
history  of  the  prevalence  of  particular  theories  at  particular  times 
— not  generally  to  be  wholly  abandoned,  but  almost  always  to  be 
greatly  modified.  I  have  a  strong  impression  that  the  glacial  theory 
is  now  at  about  its  maximum,  and  that  when  aE  our  valley-systems 
are  described  as  being  nothing  but  magnified  stria;*,  we  are  pretty 
near  the  summit-level  of  this  particular  excursion  of  the  scientific 
imagination.  At  all  events  I  have  the  satisfaction  of  remembering 
that  if  this  glacial  theory  be  true,  it  can  be  but  more  firmly 
established  by  the  statement  of  objections  which  are  capable  of 
being  removed,  and  of  difficulties  which  are  capable  of  being  solved. 

*  "  Hair-lines,  Irish  glens,  and  Norwegian  fjords  are  all  grooves  of  one 
pattern  engraved  on  difi'erent  scales  "  (J.  F.  Campbell,  on  the  Glaciation  of 
1    Ireland), 
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